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DS3645 

DS3647 

DS3675 

DS3677 

DS8641 

DS36U7 

DS36177 

LF155 

LF155A 

LF1,56 

LF156A 

LF157 

LF157A 

LF355 

UF355A 

LF356 

LF356A 

LF357 

LF357A 

LM117 

LM123 

LM317 

LM323 

MCI 302 

MCI 303 

MCI 306 

MC1310 

MCI 312 

MC1314 

MC1315 

MCI 323 

MCI 324 

MCI 327 

MCI 330A 

MCI 331 

MCI 344 

MCI 349 

MCI 350 

MCI 351 

MCI 352 

MC1355 

MCI 356 

MC1357 

MCI 358 

MCI 364 

MC1375 

MCI 384 

MCI 385 

MC1391 

MC1393 

MC1394 

MCI 398 

MC1399 

MCI 403 

MC1403A 

MCI 405 

MCI 406 

MCI 408 

MC1410 

MCI 411 

MC1412 


Hex Three-State Latch/Driver. 

Quad Three-State MOS Memory I/O Register.. 

Hex Three-State Latch/Driver... 

Quad Three-State MOS Memory I/O Register... 

Quad Unified Bus Transceiver... 

Quad Three-State MOS Memory I/O Register... 
Quad Three-State MOS Memory I/O Register — 

Monolithic JFET Operational Amplifier. 

Monolithic JFET Operational Amplifier. 

Monolithic JFET Operational Amplifier.. 
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Monolithic JFET Operational Amplifier.. 
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Low-Level Video Detector. 
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FM Detector/Limiter... 
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TV Sound IF Amplifier.... 
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FM IF Circuit ....... 

5-Watt Audio Power Amplifier... 

Class B Audio Driver.. 

TV Horizontal Processor.... 

TV Vertical Processor.... 

TV Horizontal Processor .... 
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TV Color Processing Circuit_.......... 

Precision Low-Voltage Reference... 

Precision Low-Voltage Reference... 

Analog-to-Digital Converter Subsystem. 
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Peripheral Driver Array .... 
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MCI413 Peripheral Driver Array. 5-68 

MCI414 Dual Differential Comparator. 6-5 

MCI416 Peripheral Driver Array. 5-68 

MCI420 Differential Output Operational Amplifier. 3-12 

MCI422 Timing Circuit with Adjustable Threshold. 8-10 

MCI430 Operational Amplifier . 3-16 

MCI 431 Operational Amplifier ...3-16 

MCI433 Operational Amplifier . 3-20 

MCI435 Dual Operational Amplifier . ...3-25 

MCI436 High Voltage Operational Amplifier. 3-30 

MC1436C High Voltage Operational Amplifier.3-30 

MCI 437 Dual Operational Amplifier . ....3-34 

MCI 438 Power Booster...8-17 

MCI439 High Slew Rate Operational Amplifier. 3-38 

MCI440 Core-Memory Sense Amplifier..'..... 5-71 

MCI444 AC-Coupled 4-Channel Sense Amplifier. 5-74 

MCI445 Wideband Amplifier. 8-23 

MC1454 1-Watt Power Amplifier ..,.....8-39 

MC1455 Timing Circuit . 8-43 

MCI456 High Performance Operational Amplifier.—.3-46 

MC1456C High Performance Operational Amplifier.3-46 

MCI458 Dual Operational Amplifier . ...3-52 

MC1458C Dual Operational Amplifier .3-52 

MC1458N Low Noise Dual Operational Amplifier ..3-52 

MC1458S High Slew Rate Dual Operational Amplifier. 3-57 

MC1460 Positive Voltage Regulator.....4-11 

MC1461 Positive Voltage Regulator ..4-11 

MCI463 Adjustable Negative Voltage Regulator.... 4-12 

MCI464 NPN Power Darlington Driver. 8-50 

MCI466 Voltage and Current Regulator. 4-28 

MCI 468 Dual £ 15-Volt Tracking Regulator. 4-38 

MCI469 Adjustable Positive Voltage Regulator........ 4-44 

MCI472 Dual Peripheral Positive NAND Driver. 5-82 

MCI488 Quad MDTL Line Driver .. ..5-85 

MCI489 Quad MDTL Line Receiver. 5-91 

MC1489A Quad MDTL Line Receiver ...5-91 

MCI494 Four-QUadrant Multiplier. 8-61 

MCI495 Four-Quadrant Multiplier. 8-75 

MCI496 Balanced Modulator-Demodulator.8-91 

MC1503 Precision Low-Voltage Reference.. 4-9 

MC1503A Precision Low-Voltage Reference. 4-9 

MCI 505 Analog-to-Digital Converter Subsystem...5-28 

MCI 506 Six-Bit Multiplying Digital-to-Analog Converter.;.5-42 

MCI 508 Eight-Bit Multiplyirig Digital-to-Analog Converter. 5-54 

MCI 510 Video Amplifier.. 8-6 

MCI 514 Dual Differential Comparator. 6-5 

MCI520 Differential Output Operational Amplifier. .....3-12 

MC1530 Operational Amplifier .. 3-16 

MCI531 Operational Amplifier. 3-16 

MCI 533 Operational Amplifier. 3-20 

MCI 535 Dual Operational Amplifier . 3-25 

MCI 536 High Voltage OperationaTAmplifier. 3-30 

MCI 537 Dual Operational Amplifier . 3-34 

MCI 538 Power Booster. 8-17 

MCI 539 High Slew Rate Operational Amplifier .. 3-38 

MCI 540 Core-Memory Sense Amplifier..... 5-71 

MCI 544 AC-Coupled 4-Channel Sense Amplifier ....5-74 

MCI 545 Wideband Amplifier ..^...... ..8-23 

MCI 550 RF-IF Amplifier .. 8-29 

MCI 552 Video Amplifier .. 8-35 

MC1553 Video Amplifier .. ..8-35 

MCI 554 1-Watt Power Amplifier. 8-39 

MCI 555 Timing Circuit . 8-43 
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MCI 556 High Performance Operational Amplifier. 

MCI 558 Dual Operational Amplifier .... 

MCI 558N Low Noise Dual Operational Amplifier... .. 

MC1558S High Slew Rate Dual Operational Amplifier .. 

MCI 560 Positive Voltage Regulator. 

MCI 561 Positive Voltage Regulator.. 

MCI 563, Adjustable Negative Voltage Regulator.. . 

MCI 566 Voltage and Current Regulator. 

MC1568 Dual ± 15-Volt Tracking Regulator.... 

MCI 569 Adjustable Positive Voltage Regulator... 

MCI 590 Wideband Amplifier with AGC. .. 

MC1594 Four-Quadrant Multiplier.. 

MCI 595 Four-Quadrant Multiplier.. 

MCI 596 Balanced Modulator-Demodulator. 

MCI 709 General Purpose Operational Amplifier.. 

MC1709A General Purpose Operational Amplifier. 

MC1709C General Purpose Operational Amplifier.;. 

MCI 710 Differential Comparator. .... 

MCI 710C Differential Comparator...... 

MCI 711 Dual Differential Comparator.... 

MC17ilC Dual Differential Comparator. 

MCI 712 Wideband DC Amplifier. ..... 

MC1712C Wideband DC Amplifier. 

MCI 723 Adjustable Positive or Negative Voltage Regulator .. 

MCI 723C Adjustable Positive or Negative Voltage Regulator.. 

MCI 733 Differential Video Amplifier.. 

MCI 733C Differential Video Amplifier .... 

MCI 741 General Purpose Operational Amplifier. 

MCI 741C General Purpose Operational Amplifier. 

MCI 741N Low Noise Operational Amplifier..... 

MCI 741NC Low Noise Operational Amplifier. 

MCI 741S High-Slew-Rate Operational Amplifier.. 

MCI 741 SC High-Slew-Rate Operational Amplifier....._ ........... 

MCI747 Dual MCI741 Operational Amplifier.. 

MC1747C Dual MCI 741C Operational Amplifier ... 

MCI 748 General Purpose Operational Amplifier. 

MCI 748C General Purpose Operational Amplifier.... 

MCI 776 Programmable Operational Amplifier... 

MCT776C Programmable Operational Amplifier ....-. 

MC26S10 (See XC26S10) Quad Open-Collector Bus Transceiver.. 

MC26S11 (See XC26S11) Quad Open-Collector Bus Transceiver ..... 

MC3232A Memory Address Multiplexer and Refresh Address Counter 

MC3245 Quad TTL-to-MOS Driver. . 

MC3301 Quad Operational Amplifier.. 

MC3302 Quad Comparator... 

MC3303 Quad Differential Input Qperational Amplifier .. 

MC3310 Wide-Band Amplifier.. 

MC3315 (See XC3315) Frequency-to-Voltage Converter.. 

MC3316 (See XC3316) Dual Frequency-to-Voltage Converter. 

MC3317 (See XC3317) Dual Frequency-to-Voltage Converter. 

MC3320 Class B Audio Driver ... 

MC3321 Class B Audio Driver .......... 

MC3325 Automotive Voltage Regulator....... 

MC3330 Differential/Cascade Amplifier....... 

MC3333 ^ Vari-Dwell Ignition........ 

MC3340 Electronic Attenuator. ........ 

MC3344 Programmable Frequency Switch.. ..:.... . 

MC3346 General-Purpose Transistor Array...•...... 

MC3358 Dual Low Power Qperational Amplifier. . 

MC3360 1 /4-Watt Audio Amplifier ..... . 

MC3370 Zero Voltage Switch..... ....... 

MC3380 Emitter Coupled Astable Multivibrator. . 

MC3386 General-Purpose Transistor Array .. 
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MC3390 Phase-Locked Loop Frequency Synthesizer for CB Radio.. .7-184 

MC3391 Remote Controller and Display Driver for CB Radio.7-185 

MC3401 Quad Operational Amplifier....3-108 

MC3403 Quad Differential Input Operational Amplifier .. 3-116 

MC3405 Dual Operational Amplifier plus Dual Voltage Comparator..8-118 

MC3408 Eight-Bit Multiplying Digital-to-Analog Converter. 5-107 

MC3410 Ten-Bit D-to-A Converter. 5-113 

MC341OC Ten-Bit D-to-A Converter... 5-113 

MC3411 (See XC3411) Dual Voltage Comparator .. 6-21 

MC3416 Crosspoint Switch. 5-125 

MC3417 Continuously Variable Slope Delta Modulator/Demodulator.5-134 

MC3418 Continuously Variable Slope Delta Modulator/Demodulator ..5-134 

MC3420 Switchmode Regulator Control Circuit. 4-69 

MC3422 Current Limiter. r ....4-74 

MC3423 Overvoltage Sensing Circuit . 8-123 

MC3426 Ground Fault Interrupter. 8-127 

MC3430 High-Speed Quad Comparator .. 6-23 

MC3431 High-Speed Quad Comparator . 6-23 

MC3432 High-Speed Quad Comparator .. .6-23 

MC3433 High-Speed Quad Comparator... 6-23 

MC3437 Hex Unified Bus Receiver. 5-142 

MC3438 Quad Unified Bus Transceiver... 5-145 

MC3440 Quad Interface Bus Transceiver ...5-148 

MC3441 Quad Interface Bus Transceiver .. 5-148 

MC3443 Quad Interface Bus Transceiver. 5-148 

MC3446 Quad Interface Bus Transceiver .. 5-152 

MC3448 (See XC3448) Quad Three-State Bus Transceiver. .5-155 

MC3449 Triple Bidirectional Bus Switch... ...5-243 

MC3450 Quad Line Receiver. 5-159 

MC3452 Quad Line Receiver. 5-159 

MC3453 Quad Line Driver. 5-166 

MC3456 Dual Timing Circuit ...... 8-134 

MC3458 Dual Low Power Operational Amplifier. 3-122 

MC3459 Quad NMOS Memory Driver. 5-170 

MC3460 Gate Controlled Four-Channel MOS Clock Driver. 5-174 

MC3461 Dual NMOS Memory Sense Amplifier. ,5-187 

MC3466 Gate Controlled Four-Channel MOS Clock Driver.5-174 

MC3467 Triple Preamplifier. 5-193 

MC3468 Magnetic Read Amplifier. 5-198 

MC3471 Quad FET Input Operational Amplifier .. 3-128 

MC3476 Programmable Operational Amplifier. . 3-130 

MC3480 (See XC3480) Memory Controller Circuit. 5-218 

MC3486 Quad RS-422/423 Line Receiver...5-219 

MC3487 (See XC3487) Quad RS-422 Line Driver with Three-State Outputs.. 5-222 

MC349T) Seven Digit Gas Discharge Display Driver. .5-224 

MC3401 8-Segment Visual Display Driver. 5-230 

MC3492 8-Segment Visual Display Driver. ! . 5-230 

MC3494 Seven Digit Gas Discharge Display Driver. 5-224 

MC3503 Quad Differential Input Operational Amplifier ..3-116 

MC3505 Dual Operational Amplifier plus Dual Voltage Comparator...8-118 

MC3510 Ten-Bit D-to-A Converter. 5-113 

MC3520 Switchmode Regulator Control Circuit. 4-69 

MC3523 Overvoltage Sensing Circuit.... 8-123 

MC3556 Dual Timing Circuit ..... .....; .8-134 

MC3558 Dual Low Power Operational Amplifier. 3-122 

MC3571 Quad FET Input Operational Amplifier .. .3-128 

MC4202C Programmable Quad Operational Amplifier.. 3-134 

MC4558 Dual High Frequency Operational Amplifier. 3-138 

MC4558C Dual High Frequency Operational Amplifier.. 3-138 

MC4741 Quad MCI 741 Operational Amplifier .... .3-140 

MC4741C Quad MCI 741 Operational Amplifier.. 3-140 

MC5524 Dual Sense Amplifier. 5-252 

MC5525 Dual Sense Amplifier.... 5-252 
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MC5528 Dual High-Speed Sense Amplifier with Preamplifier Test Points.5-255 

MC5529 Dual High-Speed Sense Amplifier with Preamplifier Test Points. .5-255 

MC5534 Dual Sense Amplifier with Inverted Outputs ...5-258 

MC5535 Dual Sense Amplifier with Inverted Outputs ..5-258 

MC5538 Sense Amplifier with Preamplifier Test Points. 5-260 

MC5539 Sense Amplifier with Preamplifier Test Points. 5-260 

MC6875 (See XC6875) M6800 Clock Generator/Driver. 5-237 

MC6880A Quad Three-State Bus Transceiver. 5-238 

MC6881 triple Bidirectional Bus Switch.. 5-243 

MC6885 Hex Three-State Buffer/Inverter. 5-245 

IV1C6886 Hex Three-State Buffer/Inverter. . 5-245 

MC6887 Hex Three-State Buffer/Inverter. 5-245 

MC6888 Hex Three-State Buffer/Inverter. 5-245 

MC6889 Non-Inverting Bus Transceiver. 5-250 

MC7524 Dual Sense Amplifier.. 5-252 

MC7525 Dual Sense Amplifier. 5-252 

MC7528 Dual High-Speed Sense Amplifier with Preamplifier Test Points ..5-255 

MC7529 Dual High-Speed Sense Amplifier with Preamplifier Test Points. 5-255 

MC7534 Dual Sense Amplifier with Inverted Outputs .. 5-258 

MC7535 Dual Sense Amplifier with Inverted Outputs. 5-258 

MC7538 Sense Amplifier with Preamplifier Test Points...5-260 

MC7539 Sense Amplifier with Preamplifier Test Points.5-260 

MC7705C Positive Voltage Regulator (750mA). 4-76 

MC7706C Positive Voltage Regulator (750mA). 4-76 

MC7708C Positive Voltage Regulator (750mA). 4-76 

MC7712C Positive Voltage Regulator (750mA). 4-76 

MC7715C Positive Voltage Regulator (750mA). 4-76 

MC7718C Positive Voltage Regulator (750mA). 4-76 

MC7720C Positive Voltage Regulator (750mA). 4-76 

MC7724C Positive Voltage Regulator (750mA). 4-76 

MC7805C Positive Voltage Regulator (1.5A). 4-84 

MC7806C Positive Voltage Regulator (1.5A).4-84 

MC7808C Positive Voltage Regulator (1.5A). 4-84 

MC7812C Positive Voltage Regulator (1.5A). 4-84 

MC7815C Positive Voltage Regulator (1.5A). 4-84 

MC7818C Positive Voltage Regulator (1.5A).. 4-84 

MC7824C Positive Voltage Regulator (1.5A)...T...4-84 

MC78L02AC Positive Voltage Regulator (100mA). 4-92 

MC78L05AC Positive Voltage Regulator (100mA).4-92 

MC78L05C Positive Voltage Regulator (100mA). 4-92 

MC78L08AC Positive Voltage Regulator (100mA). 4-92 

MC78L08C Positive Voltage Regulator (100mA). 4-92 

MC78L12AC Positive Voltage Regulator (100mA). 4-92 

MC78L12C Positive Voltage Regulator (100mA). 4-92 

MC78L15AC Positive Voltage Regulator (100mA)..•... .4-92 

MC78L15C Positive Voltage Regulator (100mA). 4-92 

MC78L18AC Positive Voltage Regulator (100mA).4-92 

MC78L18C Positive Voltage Regulator (100mA)...... / .. 4-92 

MC78L24AC Positive Voltage Regulator (100mA).4-92 

MC78L24C Positive Voltage Regulator (100mA) .. 4-92 

MC78M05C Positive Voltage Regulator (500mA). 4-99 

MC78M06C Positive Voltage Regulator (500mA). 4-99 

MC78M08C Positive Voltage Regulator (500mA). 4-99 

MC78M12C Positive Voltage Regulator {500mA) ... 4-99 

MC78Mf5C Positive Voltage Regulator {500mA) .... 4-99 

MC78M18C Positive Voltage Regulator (500mA) .. 4-99 

MC78M20C Positive Voltage Regulator (500mA). 4-99 

MC78M24C Positive Voltage Regulator (500mA). 4-99 

MC7902C Negative Voltage Regulator (1.5A). 4-107 

MC7905C Negative Voltage Regulator (1.5A) - - .. 4-107 

MC7905.2C Negative Voltage Regulator {1.5A). 4-107 

MC7906C Negative Voltage Regulator (1.5A).. 4-107 

MC7908C Negative Voltage Regulator (1.5A). 4-107 
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MC7912C Negative Voltage Regulator (1.5A). 4-107 

MC7915C Negative Voltage Regu lator (1.5A). 4-107 

Me7918C Negative Voltage Regulator (1.5A). 4-107 

MC7924C Negative Voltage Regulator (1.5A). 4-107 

MC79L03AC Negative Voltage Regulator (100mA). ...4-116 

MC79L03C Negative Voltage Regulator (1 OOmA) ... 4-116 

MC79L05AC Negative Voltage Regu lator (100mA). 4-116 

MC79L05C Negative Voltage Regulator (100mA). 4-116 

MC79L12AC Negative Voltage Regulator (100mA). 4-116 

MC79L12C Negative Voltage Regulator (100mA). 4-116 

MC79L15AC Negative Voltage Regulator {100m A) ... ....4-116 

MC79L15C Negative Voltage Regulator (100mA). 4-116 

MC79L18AC Negative Voltage Regulator (100mA) 4-116 

MC79L18C Negative Voltage Regulator (100mA). 4-116 

MC79L24AC Negative Voltage Regulator (100mA). 4-116 

MC79L24C Negative Voltage Regulator (100mA). .4-116 

MC8T13 Dual Line Driver. 5-262 

MC8T14 Triple Line Receiver. 5-265 

MC8T23 Dual Line Driver. 5-262 

MC8T24 Triple Line Receiver..5-265 

MC8T26A Quad Bus Transceiver/MPU Bus Extender. 5-238 

MC8T28 Non-Inverting Bus Transceiver. 5-250 

MC8T95 Hex Three-State Buffer/Inverter. 5-245 

MC8T96 Hex Three-State Buffer/Inverter. 5-245 

MC8T97 Hex Three-State Buffer/Inverter. 5-245 

MC8T98 Hex Three-State Buffer/inverter. 5-245 

MC55107 Dual Line Receiver. 5-269 

MC55108 Dual Line Receiver —. 5-269 

MC55325 Dual Memory Driver. 5-285 

MC75107 Dual Line Receiver .. 5-269 

MC75108 Dual Line Receiver. 5-269 

MC75110 Dual Line Driver .. .5-274 

MC75140 Dual Line Receiver.. 5-281 

MC75325 Dual Memory Driver. 5-^285 

MC75358 Dual MECL-to-MOS Driver. 5-299 

MC75365 Quad MOS Clock Driver. 5-291 

MC75368 Dual MECL-to-MOS Driver... 5-299 

MC75450 Dual Peripheral Driver, Positive AND.5-306 

MC75451 Dual Peripheral Driver, Positive AND .. .5-311 

MC75452 Dual Peripheral Driver, Positive NAND. . .5-311 

MC75453 Dual Peripheral Driver, Positive OR......5-311 

MC75454 Dual Peripheral Driver, Positive NOR. .. 5-311 

MC75461 High Voltage Peripheral Driver.. 5-315 

MC75462 High Voltage Peripheral Driver.5-315 

MC75463 High Voltage Peripheral Driver. 5-315 

MC75464 High Voltage Peripheral Driver...... 5-315 

MC75491 Quad Light-Emitting Diode (LED) Driver. 5-320 

MC75492 Hex Light-Emitting Diode (LED) Driver. 5-320 

MCC1486 Quad LED Digit Driver.'....5-326 

MCC1487 Qudd LED Digit Driver. 5-326 

MLM101A General Purpose Adjustable Operational Amplifier. . 3-146 

MLM104 Adjustable Negative Voltage Regulator.. 4-122 

MLM105 Adjustable Positive Voltage Regulator . 4-124 

MLM107 General Purpose Operational Amplifier.. 3-150 

MLMT 08 Precision Operational Amplifier........ . .3-154 

MLM108A Precision Operational Amplifier. 3-154 

MLM109 Positive Voltage Regulator........ 4-126 

MLM110 Unity Gain Operational Amplifier. . .3-159 

MLMi 11 Voltage Comparator .. 6-31 

MLM124 Quad Operational Amplifier.. 3-161 

MLMI 39 Quad Comparator (Single Supply). 6-35 

MLM139A Quad Comparator (Single Supply).... 6-39 

MLM158 Dual Operational Amplifier. . 3-167 
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MASTER INDEX 
Device 

Number Function Page 

MLMZOIA General Purpose Operational Amplifier ... 3-146 

MLI\/1204 Adjustable Negative Voltage Regulator. 4-122 

MLI\/1205 Adjustable Positive Voltage Regulator. 4-124 

MLI\/I207 General Purpose Operational Amplifier..3-150 

MLI\/I208 Precision Operatipnal Amplifier........'.3-154 

MLI\/I208A Precision Operational Amplifier. 3-154 

MLI\/I209 Positive Voltage Regulator. 4-126 

MLI\/I210 Unity Gain Operational Amplifier. 3-159 

MLM211 Voltage Comparator. 6-31 

l\/ILI\/I224 Quad Operational Amplifier. 3-161 

MLI\/I239 Quad Comparator (Single Supply).6-35 

MLI\/I239A Quad Comparator (Single Supply). 6-39 

MLM258 Dual Operational,Amplifier. ..3-167 

MLI\/I301A General Purpose Operational Amplifier. 3-146 

MLI\/I304 Adjustable Negative Voltage Regulator......;. .4-122 

MLI\/I305 Adjustable Positive Voltage Regulator.4-124 

MLM307 General Purpose Operational Amplifier ... 3-150 

MLI\/I308 Precision Operational Amplifier. .3-191 

MLM308A Precision Operational Amplifier. 3-154 

MLM309 Positive Voltage Regulator. 4-126 

MLI\/I310 Unity Gain Operational Amplifier. ..>3-159 

MLI\/1311 Voltage Comparator. 6-31 

MLI\/I324 Quad Operational Amplifier. 3-161 

MLI\/I339 Quad Comparator (Single Supply).. 6-35 

MLM339A Quad Comparator (Single Supply). 6-39 

MLI\/I358 Dual Operational Amplifier... ...3-167 

MLM565C Phase-Locked Loop... 8-141 

MLI\/I2901 Quad Comparator . ^.... 6-43 

MLI\/I2902 Quad Operational Amplifier.... 3-173 

MI\/IH0026 Dual MOS Clock Driver. 5-328 

MI\/IH0026C Dual MOS Clock Driver. 5-328 

NE592 Video Amplifier. 8-145 

SE592 Video Amplifier. 8-145 

TDA1190Z TV Sound System .. 7-186 

XC26S10 Quad Open-Collector Bus Transceiver. ..5-97 

XC26S11 Quad Open-Collector Bus Transceiver.. 5-97 

XC3315 Frequency-to-Voltage Converter. 7-143 

XC3316 Dual Frequency-to-Voltage Converter... 7-149 

XC3317 Dual Frequency-to-Voltage Converter. .7-149 

XC3411 Dual Voltage Comparator. 6-21 

XC3448 Quad Three-State Bus Transceiver. 5-155 

XC3480 Memory Controller Circuit. 5-218 

XC3487 Quad RS422 Line Driver with Three-State Outputs.5-222 

XC6875 M6800 Clock Generator/Driver. 5-237 
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MOTOROLA - LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


. . . provides a complete interchangeability list linking over 6000 
devices offered by most major Linear Integrated Circuits manufacturers 
to the nearest equivalent Motorola device. The Motorola "Direct 
Replacement” column lists devices with identical pin connections 
and package and the same or better electrical characteristics and 


temperature range. The Motorola “Functional Replacement" column 
provides a device which performs the same function but with possible 
differences in package configurations, pin.connections, temperature 
range or electrical specifications. 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

8216 


MC8T26L 

8226 


MC8T28L 

9614DC 


MC75110L 

9614DM 


MC75110L 

9614FM 


Me75110L 

9615DC 


MC75108L 

9615DM 


MC55108L 

9615FM 


MC55108L 

9616CDC 


MC1488L' 

9616EDC 


MC1488L 

96160M 


MC1488L 

9617DC 


MC1489AL 

96200C 


MC75110L 

96200M 


MC75110L 

962IDC 


MC75108L 

9621DM 


MC55I08L 

9622DC 


MC75140P1 

9622DM 


MC75140P1 

9624DC 


MMH0026CL 

9624DM 


MMH0026CL 

9625DC 


MMH0026CL 

9625DM 


. MMH0026CL 

9627CDC 


MC1489AL 

9627DM 


MC1489AL 

9636T 

MC3488P 


9637T 

MC3486P 


9638T 

, MC3487P 


9640J 

MC3443P 


9640D 


MC3443P 

9640DC 


MC3440P 

9640NC 

MC3440P 


9665PC 

MC1411P 


9666PC 

MC1412P 


9667PC 

MC1413P 


9668PC 

MC1416P 


96650C 

MC1411L 


96660C 

MC1412L 


9667DC 

MC1413L 


9668DC 

MC1416L 


55107ADM 

MC55107L 


55T08ADM 

MC55108L 


55107BDM 


MC55107L 

55108BDM 


MC55108L 

55110DM 


MC75110L 

55121DM 


MC8T13L 

55122DM 


MC8T14L 

55207DM 


MC55107L 

552080IVI 


MC55108L 

55224DM 


MC5524L 

55225DM 


MC5525L 

55232DM 


MC5528L 

55233DM 


MC5529L 

55234DM 


- MC5534L 

55235DM 


MC5535L 

55238DM 


MC5538L 

55239DM 


MC5539L 

55325DM 

MC55325L 




Motorola 

Direct 

Replacement 


MC1709G 

MC1709F 

MC1709CG 

MC1709CF 

MC1709CP2 

MC1710G 

MC1710F 

MC1710CG 

MC1711G 

MC1711F 

MC1711L 

MC1711CG 

MC1711CP 

MC1723G 

MC1723CG 

MC1723CL 

MC1741G 

MC1741F' 

MC1741L 

MC1741CG 




Motorola 

Functional 

Equivalent 


MC1747G 

MC1747L 

MC1747CG 

MC1748G 

MC1748CG 

MC1776G 

MC1776CG 

MC1723G 


55325FM 

75107ADC 

75107BDC 

75107APC 

75107BPC 

75108ADC 

75108BDC 

75108APC 

75108BPC 

75110DC 

75110PC 

75121DC 

75121PC 

75122DC 

75122PC 

75123DC 

75123PC 

75124DC 

75124PC 

75207DC 

75207PC 

75208DC 

75208PC 

75224DC 

75224PC 

75225DC 

75225PC 

75232DC 

75232PC 

75233DC 

75333PC 

75234DC 

75234PC 

75235DC 

75235PC 

75238DC 

75238PC 

75239DC 

75239PC 

75325DC 

75325PC 

75450ADC 

75450APC 

75451APC 

75451ATC 

75452ARC 

75452ATC 

75453ARC 

75453ATC 

75454ARC 

75454ATC 

75450BDC 

75450BPC 

75451BRC 

75451BTC 

75452BRC 

75452BTC 


Motorola 

Motorola 

Direct 

.Functional 

Replacement 

Equivalent 

MC55325F 

MC75107L 

MC75107L 

MC75107P 

MC75107P 

MC75108L 

MC75108L 

MC75108P 

MC75108P 


MC75110L 

MC751T0P 

MC8T13L 

MC8T13P 

MC8T14L 

MC8T14P 

MC8T23L 

MC8T23P 

MC8T24L 

MC8T24P 


MC75325L 

MC75325P' 

MC75450L 

MC75450P 

MC75451U 

MC75451P 

MC75452U 

MC75452P 

MC75453U 

MC75454P 

MC75454U 

MC75454P 


MC75107L 

MC75107P 

MC75108L 

MC75108P 

MC7524L 

MC7524P 

MC7525L 

MC7525P 

MC7528L 

MC7528P 

MC7529L 

MC7529P 

MC7534L 

MC7534P 

MC7535L 

MC7535P 

MC7538L 

MC7538P 

MC7539L 

MC7539P 


MC75450L 

MC75450P 

MC75451U 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

75453BRC 


MC75453U 

AMLMllOF 


MLMllOG 

CA201T 


MLM201AG 

75453BTC 

SN75453BP 


AMLMllOH 

MLMllOG 


CA207T 

MLM207G 


75454BRC 


MC75454U 

AMLMlllD 

MLMlllL 


CA208AT 

MLM208AG 


7 5 4 54BTC 

SN75454BP 


AMLMlllF 

MLMlllF 


CA208S 

MLM208U 


75460DC 


MC75450L 

AMLMlllH 

MLMlllG 


CA208T 

MLM208G 


75460PC 


MC75450P 

AMLM201 

MLM201AG 


CA239AE 

MLM239AP 


75461RC 

MC75461U 


AMLM201A 

MLM201AG 


CA239AG 

MLM239AL 


75461TC 

MC75461P 


AMLM201AD 


MLM201AP1 

CA239E 

. MLM239P 


75462RC 

MC75462U 


AMLM201AF 


MLM201AG 

CA239G 

MLM239L 


75462TC 

MC75462P ' 


AMLM201D 


MLM201AP1 

CA301AT 

MLM301AG 


■'5463RC 

MC75463U 


AMLM201F 


MLM201AG 

CA307T 

MLM307G 


75463TC 

MC75463P 


AMLM205 

MLM205G 


CA308AS 

MLM308AP1 


75464RC 

MC75464U 


AMLM205F 


MLM205G 

CA308AT 

MLM308AG 


75464TC 

MC75464P 


AMLM205H 

MLM205G 


CA308S 

MLM308G 


75491 DC 


MC75491P 

AMLM207 

MLM20;G 


CA339AE 

MLM339AP 


75491 PC 

MC75491P 


AMLM207D 


MLM207G 

CA339AG 

MLM339AL 


75491A0C 


MC75491P 

AMLM207F 


MLM207G 

CA339E X 

MLM339P 


75491APC 


MC75491P 

AMLM210 

MLM210G 


CA339G 

MLM339L 


75492DC 


MC75492P 

AMLM210D 


MLM210G 

CA723CE 

MC1723CP 


75492PC 

MC75492P 


AMLM210F 


MLM210G 

CA741CS 

MC1741CP1 


75492ADC 


MC75492P 

AMLM210H 

MLM210G 


CA741CT 

MC1741CG 


75492APC 


MC75492P 

AMLM211D 

MLM211L 


CA741S 

MC1741U 


AD301AL 


MLM301AG 

AMLM211H 

MLM211G 


CA741T 

MC1741G 


AD505J 


MC1776CG 

AMLM301 

MLM301AG 


CA747CE 

MC1747CL 


AD505K 


MC1776CG 

AMLM301A 

MLM301AG 


CA747CF 

MC1747CL 


AO505S 


MC1776G 

AMLM301AD 


MLM301AU 

CA747CT 

MC1747CG 


AD509J 


MLM301AG 

AMLM301D 


MLM301AU 

CA747E 

MC1747L 


AD509K 


MLM301AG 

AMLM305 

MLM305G 


CA747F 

MC1747L 


AD509S 


MLMIOIAG 

AMLM305A 


MLM305G 

CA747T 

MC1747G 


AD518J 


MLM301AG 

AMLM305F ' 


MLM305G 

CA748CS 

MC1748CP1 


AD518K 


MLM301AG 

AMLM305H 

MLM305G 


CA748CT 

MC1748CG 


AD518S 


MLMIOIAG 

AMLM310 

MLM310G 


CA748S 

MC1748U 


AD530 


MC1595L 

AMLM310D 


MLM310G 

CA748T 

MC1748G 


AD531 


MC1595L 

AMLM310F 


MLM310G 

CA758E 


MG1310P 

A0532J 


MC1595G 

AMLM310H 

MLM310G 


CA810Q 


MG1384PQ 

AD559JD 

MC1408L8 


AMLM311D 

MLM311L 


CA810QM 


MG1384PQM 

AD559K 

MC1408L8 


AMLM311H 

MLM311G 


CA1310E 

MC1310P 


AD559KD 

MC1408L8 


AMU3F7733312 


MC1733L 

CA1352E 

MC1352P 


AD559S 

MC1508L8 


AMU3F7733393 


MC1733CL 

CA1391E 

MC1391P 


AD559SD 

MC1508L8 


AMU3F7748312 


MC1748G 

CA1394E 

MC1394P 


AD580J 


MC1403U 

AMU3I7741312 

MC1741F 


CA1398E 

MC1398P 


AD580K 


MC1403P1 

AMU3I7741393 

MC1741CL 


CA1458S 

MG1458CP1 


AD580M 


MC1403AP1 

AMU5B7733312 

MC1733G 


CA1458T 

MC1458G 


AD580S 


MC1503U 

AMU5B7733393 

MC1733CG 


CA1558S 


MG1558U 

AD580T 


MC1503AU 

AMU5B7741312 

MC1741G 


CA1558T 

MG1558G 


AD741CJ 


MC1741CG 

AMU5B7741393 

MC1741CG 


CA2111AE 

MC1357P 


AD741J 


MC1741G 

AMU5B7747312 

MC1747G 


CA2111AQ 

MG1357PQ 


A0741K 


MC1741G 

AMU5B7747393 

MC1747CG 


CA3000 


MG1550G 

AD741L 


■ MC1741G . 

AMU5B7748312 

MC1748G 


CA3001 


MC1550G 

AD741S 


MC1741SG 

AMU5B7748393 

MC1748CG 


CA3002 


MG155QG 

A07520D 


MC3410L 

AMU5R7723312 

MC1723G 


CA3004 


MG1550G 

AD7520F 


MC3410L 

AMU5R7723393 

MC1723CG 


CA3005 


MG1550G 

AD7520N 


MC3410L 

AMU6A7723312 

MC1723L 


CA3006 


MG1550G 

AM26S10PC 

MC26S10P 


AMU6A7723393 

MC1723CL 


CA3007 


MG1550G 

AM26S10DC 

MC26S10L 


AMU6A7733312 

MC1733L 


CA3008 


MG1709F 

AM26S11PC 

MC26S11P 


AMU6A7733393 

MC1733CL 


CA3008A 


MG1709F 

AM26S11DC 

MC26S11L 


AMU6A7741312 

MC1741L 


CA3010 


MG1709G 

AM725A31T 


MC1556G 

AMU6A774I393 

MC1741CL 


CA3010A 


MC1709G 

AM166039F 


MLM301AG 

AMU6A7748312 


MC1748G 

CA3011 


MG1590G 

AM166039T 


MLM301AG 

AMU6A7748393 


MC1748CP1 

CA3012 


MG1590G 

AMLMlOl 

MLMIOIAG 


AMU6W7747312 

MC1747L 


CA3013 


MG1357P 

AMLMIOIA 

MLMIOIAG 


AMU6W7747393 

MC1747CL 


CA3014 


MG1357P 

AMLMIOIAD 


MLMIOIAG 

BD5030 

MCC1486 


CA3015 


MG1709G 

AMLMIOIAF 


MLMIOIAG 

BD5031 

MCC1487 


CA3015A 


MG1709G 

AMLMIOID 


MLMIOIAG 

CAIOIAT 

MLMIOIAG 


CA3016 


MG1709F 

AMLMIOIF 


MLMIOIAG 

CAIOIT 

MLMIOIAG 


CA3016A 


MC1709F 

AMLM105 

MLM105G 


CA107T 

MLM107G 


CA3020 


MG1554G 

AMLM105F 


MLM105G 

CA108AS 

MLM108AU 


CA3020A 


MG1454G 

AMLM105H 

MLM105G 


CA108AT 

MLM108AG 


CA3021 


MG1590G 

AMLM107 

MLM107G 


GA108S 

MLM108U 


CA3022 


MG1590G 

AMLM107D 


MLM107G ' 

CA108T 

MLM108G 


CA3023 


MG1590G 

AMLM107F 


MLM107G 

CA139AG 

MLM139AL 


CA3026 


GA3054 

AMLMllO 

MLMllOG 


CA139G 

MLM139L 


CA3028A 


MG1550G 

AMLMllOD 


MLMllOG 

CA201AT 

MLM201AG 


CA3028AF 


MC1550G 


- MOTOROLA Semiconductor Products Inc. - 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 



Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

CA3028AS 


MC1550G 

CA3136A 


MC3346P 

DS3632N 


MC1472P1 

CA3028B 


MC1550G 

CA3137E 


MC1323P 

DS3633H 


MC1473U 

CA3028BF 


MC1550G 

CA3146 


MC3346P 

DS3633J 


MC1473U 

CA3028BS 


MC1550G 

CA3401E 

MC3401P 


DS3633N 


MC1473P1 

CA3029 


MC1709P2 

CA6078AS 


MC1776G 

DS3634H 


MC1474U 

CA3029A 


MC1709P2 

CA6078AT 


MC1776G 

DS3634J 


MC1474U 

CA3030 


MC1709P2 

CA6741S 


MC1776G 

DS3634N 


MC1474P1 

CA3030A 


MC1709P2 

CA6741T 


MC1776G 

DS3644J 


MC3460L 

CA3031 


MC1712G 

CA3302E 

MC3302P 


DS3644N 


MC3460P 

CA3032 


MC1712CG 

CMP-OICJ 


MC1556G 

DS3650J 

MC3450L 


CA3033 


^ MC1533L 

CMP-OICP 


MC1556P 

OS3650N 

MC3450P 


CA3033A 


MC1533L 

D555CJ 


MC1555G 

DS3651J 

MC3430L 


CA3035 


MC1352P 

D3232 

MC3232AP 


DS3651N 

MC3430P 


CA3035V1 


MC1352P 

03245 

MC3245P 


DS3652J 

MC3452L 


CA3037 


MC1709L 

D8216 


MC8T26L 

DS3652N 

MC3452P 


CA3037A 


MC1709L 

D8226 


MC8T28L 

0S3653J 

MC3432L 


CA3038 


MC1709L 

DAC-01 


MC1506L 

DS3653N 

MC3432P 


CA3038A 


MC1709L 

DAC-08 


MC1408L8 

DS3674J 

MC3460L 


CA3040 


MC1510G 

DM7820AD 


MC75140P1 

DS3674N 

MC3460P 


CA3041 


MC1351P 

DM7820J 


MC75140P1 

DS55107J 

MC55107L 


CA3042 


MC1357P 

DM7822J 


MC1489AL 

DS55107W 


MC55107L 

CA3043 


MC1357P 

DM7837J 


MC3437L 

DS55108J 

MC55108L 


CA3044 


MC1364P 

DM7838J 


MC3438L 

DS55108W 


MC55108L 

CA3044V1 


MCI364P 

0M7887J 


MC3490P 

OS55110J 


MC75110L 

CA3045 


MC3346P 

DM7887N 


MC3490P 

0S55121J 


MC8T13L 

CA3045F 


MC3346P 

DM7889J 


MC3491P 

DS55121W 


MC8T13L 

CA3046 

MC3346P 


DM7889N 


MC3491P 

0S55122J 


MC8T14L 

CA3047 


MC1433L 

DM7897J 


MC3494P 

DS55122W 


MC8T14L 

CA3047A 


MC1433L 

DM7897N 


MC3494P 

DS5524AJ 

MC5524AL 


CA3048 


MC3301P 

DM8820AN 


MC75140P1 

DS5524J 

VIC5524L 


CA3052 


MC3301P 

DM8820J 


MC75140P1 

DS5525J 

MC5525L 


CA3053 


MC1550G 

DM8820N 


MC75140P1 

DS5528AJ 

MC5528AL 


CA3053F 


MC1550G 

0M8822J 


MC1489AL 

•0S5528J 

MC5528L 


CA3053S 


MC1550G 

DM8822N 


MC1489AP 

DS5529J 

MC5529L 


CA3054 

CA3054 


DM8837N 

MC3437P 


DS55325J 

MC55325L 


CA3056 

MC1741CG 


DM8838N 

MC3438P 


DS55325W 

MC55325F 


CA3056A 

MC1741G 


DM886 IN 


MC75491P 

DS5534AJ 

MC5534AL 


CA3058 


CA3059 

DM8863N 


MC75492P 

DS5534J 

MC5534L 


CA3059 

CA3059 


DM8887J 


MC3490P 

DS5535J 

MC5535L 


CA3064 


MC1364P 

DM8889J 


MC3491P 

DS5538AJ 

MC5538AL 


CA3064E 

MC1364P 


DM8897J ■ 


MC3494P 

DS5538J 

MC5538L 


CA3065 

MC1358P 


DM75491N 

MC75491P 


DS5539J 

MC5539L 


CA3066 


MC1399P 

DM75492N 

MC75492P 


DS75107J 

MC75107L 


CA3067 


IVIC1323P 

DS0026CG 


MMH0026CG 

OS75107N 

MC75107P 


CA3068 


MC1352P 

DS0026CH 

MMH0026CG 


DS75108J 

MC75108L 


CA3070 


MC1399P 

DS0026CJ 

MMH0026CL 


DS75108N 

MC75108P 


CA3071 


MC1399P 

DS0026CN 

MMH0026CP1 


DS75109N 

MC75109P 


CA3072 


MC1323P 

DS0026G 


MMH0026G 

DS75110J 

MC75110L 


CA3075 

MC1375P 


OS0026H 

MMH0026G 


DS75110N 

MC75110P 


CA3076 


MC1590G 

DS0026J 

MMH0026L 


DS75121J 

MC8T13L 


CA3078AS 


MC1776G 

DS0056CG 


MMH0026CG 

DS75121N 

MC8T13P 


CA3078AT 


MC1776G 

DS0056CH 


MMH0026CG 

DS75122J 

MC8T14L 


CA3078S 


MC1776CG 

DS0056CJ 


MMH0026CL 

DS75122N 

MC8T14P 


CA3078T 


IVICI776CG 

DS0056CN 


MMH0026CP1 

DS75123J 

MC8I23L 


CA3079 


CA3059 

OS0056G 


MMH0026G 

0S75123N 

MC8T23P 


CA3085 


MC1723G 

DS0056H 


MMH0026G 

DS75124J 

MC8T24L 


CA3085A 


MC1723G 

DS0056J 


MMH0026L 

DS75124N 

MC8T24P 


CA3085AF 


MC1723L 

DS1488J 

MC1488L 


DS75207J 


MC75107L 

CA3085AS 


MC1723G 

DS1489AJ 

MC1489AL 


DS75207N 


MC75107P 

CA3085B 


MC1723G 

DS1489J 

MC1489L 


DS75208J 


MC75108L 

CA3085BF 


MC1723L 

DS3486N 

MC3486P 


DS75208N 


MC75108P 

CA3085BS 


MC1723G 

0S3687N 

MC3487P 


DS7520AJ 

MC7520AL 


CA3085F 


MC1723L 

0S3611H 


MC1471U 

OS7520AN 

MC7520AP 


CA3085S 


MC1723G 

DS36I1N 


MC1471P1 

DS7524AJ 

MC7524AL 


CA3086 

MC3386P 


DS3612H 


MC1472U 

DS7524AN 

MC7524AP 


CA3086F 


MC3346P 

DS3612N 


MC1472P1 

DS7524J 

MC7524L 


CA3090AQ 


MC1310P 

DS3613H 


MC1473U 

DS7524N 

MC7524P 


CA3091D 


MC1594L 

DS3613N 


MC1473P1 

0S7525J 

MC7525L 


CA3120E 


MC1344P 

DS3614H 


MC1474U 

DS7525N 

MC7525P 


CA3125E 


MC1323P 

DS3614N 


MC1474P1 

DS7528AJ 

MC7528AL 


CA3132EM 


MC1384PQ 

0S3631|i 


MC1471U 

0S7528AN 

MC7528AP 


CA3134E 


TDA1190Z 

DS3631N 


MC1471P1 

DS7528J 

MC7528L 


•CA3134EM 


T0A1190Z 

DS3632H 


MC1472U 

DS7528N 

MC7528P 


CA3134QM 


TDA1190Z 

DS3632J 


MC1472U 

0S7529J 

MC7529L 



MOTOROLA Semiconductor Rroducts Inc. 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

DS7529N 

MC7529P 


iCL741CLNPA 


MC1741CP1 

LF256P 

LF156J-8 


DS75325J 

MC75325L 


ICL741CLNTY 


MC1741CP1 

LF257H 

LF157H 


DS75325N 

MC75325P 


ICL741LN0P 


MC1741L 

LF257JG 

LF157J-8 


DS7534AJ 

MC7534AL 


ICL741LNFB 


MC1741L 

LF257L 

LF157H 


DS7534AN 

MC7534AP 


ICL741LNTY 


MC1741L 

LF257P 

LF157J-8 


OS7534J 

MC7534L 


ICL8001CT2 


MLMlllL 

LF352D 


LF355U 

DS75 34N 

MC7534P 


ICL8001MTZ 


MLMlllL 

LF355AH 

LF355AH 


DS7535J 

MC7535L 


ICL8007CTA 


MC1709CG 

LF355AJG 

LF355AJ-8 


OS7535N 

MC7535P 


1CL8007MTA 


MC1709CG 

LF355AL 

LF355AH 


OS753 65J 

MC75365L 


ICL8008CPA 


MLM301AP1 

LF355AP 

LF355AN 


DS75365N 

MC75365P 


ICL8008CTY 


MLM301AP1 

LF355H 

LF355H 


DS7538AJ 

MC7538AL 


ICL8013A 


MC1594G 

LF355JG 

LF355J-8 


DS7538AN 

MC7538AP 


ICL8013B 


MC1594G 

LF355L 

LF355H 


DS7538J 

MC7538L 


ICL8013C 


;viC1594G 

LF355N 

LF355N 


DS7538N 

MC7538P 


ICL8017CTVY 


MLM301AP1 

LF355P 

LF355N 


DS7539J 

MC7539L 


ICL8017MTW 


MLM301AP1 

LF356AH 

LF356AH 


DS7539N 

MC7539P 


ICL8021C 


MC1776G 

LF356AL 

LF356AH 


0S75450J 

MC75450L 


ICL8021M 


MC1776G 

LF356AJG 

LF356AJ-8 


DS75450N 

MC75450P 


■ICL8022C 


MC1776G 

LF356AP 

LF356AN ^ 


DS75451H 


MC75451U 

ICL8022M 


MC1776G 

LF356H 

LF356H 


DS75451N 

SN75451BP 


ICL8043eDE 


MC1776G 

LF356JG 

LF356J-8 


OS75452H 


MC75452U 

ICL8043CPE 


MC1776G 

LF356L 

LF356H 


DS75452N 

SN75452BP 


ICL8043MDE 


MC1776G 

LF356N 

LF356N 


0S75453H 


MC75453U 

ICL8048CDE 


MC1776G 

LF356P 

LF356N 


DS75453N 

SN75453BP 


ICL8048DPE 


MC1776G 

LF357AH 

LF357AH 


0S75454H 


MC75454U 

IH5101IIE 


MC1545G 

LF357H 

LF357H ' 


DS75454N 

SN75454BP 


IH5101MIE 


MC1545G 

LF357JG 

LF357J-8 


DS75461H 


MC75461U 

ITT641 


MC1385P ■ 

LF357L 

LF357H 


DS75461N 

MC75461P 


ITT652 

MC1411P 


LF357N 

LF357N 


DS75462H 


MC75462U 

ITT654 

MC1412P 


LF357P 

LF357N 


DS75462N 

MC75462P 


ITT656 

MC1413P 


LHOOOIACH 


MC1776CG 

DS75463H 


MC75463U 

ITT1330 

MC1330P 


LHOOOIAH 


MC1776G 

OS75463N 

MC75463P 


ITT1352 

MC1352P 


LHOOOIACD 


MC1776CG 

DS75464H 


MC75464U 

ITT3064 

MC1364P 


LHOOOIAD 


MC1776G 

DS75464N 

MC75464P 


ITT3065 

MC1358P 


LHOOOIACF 


MC1776CG 

DS75491J 


MC75491P 

ITT3066 


MC1399R 

LHOOOIAF 


MC1776G 

DS75491N 

MC75491P 


ITT3701 


TDA1190Z 

LH0002CH 


MC1538R 

DS75492J 


MC75492P 

ITT3707 


MC1399P 

LH0002H 


MC1538R' 

0S75492N 

MC75492P 


ITT3710 


MC1391P 

LH0004CH 


MC1436G 

DS7837J 


MC3437L 

ITT3714 


MC1394P 

LH0004H 


MC1536G 

DS7837W 


IVIC3437L 

L144AP 


MLM324P 

LH0042CH 


MC1776G 

DS78 38J 


MC3438L 

L201 

MC1411P 


LHIOIF 


MC1741F 

DS7838W 


MC3438L 

L202 

MC1412P 


LHIOIH 


MC1741G 

OS7887J 


MC3490P 

L203 

MC1413P 


LH201F 


MC1741F 

DS7889J 


MC3491P 

LOllOCJ 


MC14435VP 

LH201H 


MC1741G 

DS7897J 


IVIC3494P 

LDlllCJ 

MC1405L 


LH740ACH 


LF355H 

DS8833J 


MC8T28L 

LD114CR 


MC14435VR 

LH740AH 


LF155H 

DS8833N 


MC8T28P 

LF152D 


LF155U 

LH2101A0 


MC1537L 

DS8834J 


MC8T26L 

LF155AH 

LF155AH 


LH2101AF 


MC1537L 

DS8834N 


MC8T26P 

LF155AJG 

LF155AJ-8 


LH2201AD 


MC1537L 

DS8835J 


MC8T26L 

LF155AL 

LF155AH 


LH2201AF 


MC1537L 

DS8835N 


IVIC8T26P 

LF155H 

LF155H 


LH2301AD 


MC1437L 

DS8837J 

MC3437L 


LF155JG 

LF155J-8 


LH2301AF 


MC1437L 

DS8837N 

MC3437P 


LF155L 

LF155H 


LMIOOF 


MLM105G 

DS8838J 

MC3438L 


LF156AH 

LF156AH ' 


LMIOOH 


MLM105G 

DS8838N 

MC3438P 


LF156AJG 

LF156AJ-8 


LMIOIAD 


MLMIOIAG 

DS8839J 


IVIC8T28L 

LF156AL 

LF156AH 


LMIOIAF 


MLMIOIAG 

DS8839N 


IVIC8T28P 

LF156H 

LF156H 


LMIOIAH 

MLMIOIAG 


DS8887J 


MC3490P 

LF156JG 

LF156J-8 


LMIOIAJ 


MLMIOIAU 

DS8887N 


IVIC3490P 

LF156L 

LF156H 


LMlOlAJ-14 


MLMIOIAU 

DS8889J 


MC3491P 

LF157AH 

LF157AH 


LMIOIAJG 

MLMIOIAU 


DS8889N 


MC3491P 

LF157AJG 

LF157AJ-8 


LMIOIAL 

MLMIOIAG 


DS8897J 


MC3494P , 

LF157AL 

LF157AH 


LMIOID 


MLMIOIAU 

0S8897N 


MC3494P 

LF157H ' 

LF157H 


LMIOIF 


MLMIOIAG 

ICB8000C 


MLMlllL 

LF157JG 

LF157J-8 


LMIOIH 

MLMIOIAG 


ICB8001C ' . 


MLMlllL 

LF157L 

LF157H 

• , 

LMlOlj-14 


MLMIOIAU 

ICB8741C 


MC1741CG 

LF252D 


LF155U 

LM102H 

MLMllOG 


ICH8500ATV 


MC1776CG 

LF255H 

LF155H 


LM104F 


MLM104G 

ICH8500TV 


MC1776CG 

LF255JG 

LF155J-8 


LM104H 

MLM104G 


ICLIOIALNDP 


MLMIOIAG 

LF255L 

LF155H 


LM104J 


MLM104G 

ICLIOIALNFB 


MLMIOIAG 

LF255P 

LF155J-8 


LM104L 

MLM104G 


ICLIOIALNTY 


MLMIOIAG 

LF256H 

LF156H 


LM105F 


MLM105G 

ICL301ALNPA 


MLM301AG 

LF256JG 

LF156J-8 


LM105H 

MLM105G 


ICL30.1ALNTY 


MLM301AG 

LF256L 

LF156H 


LM105JG 


MLM105G 


MOTOfiOLA Semiconductor Products Inc. 
















LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

LM105L 

MLM105G 


LM143H 


MC1536G 

LM220K-12 


MC7912CK 

LM106H 


MC1710G 

LM145K 


MC7905CK 

LM220K-15 


MC7915CK 

LM107D 


MLM107U 

LM1480 

MC4741L 


LM220K-18 


MC7918CK 

LM107F 


MLM107G 

LM148F 


MC4741L 

LM220K-24 


MC7924CK 

LM107H 

MLM107G 


LM149D 


MC4741L 

LM222H 


MC1555G 

LM107J 

MLM107U 


LM149F 


MC4741L 

LM223K 

LM123K 


LM107J-14 


MLM107U 

LM158AH 


MLM158G 

LM224AD 


MLM224L 

LM107JG 

MLM107U 


LM158H 

MLM158G 


LM224AF 


MLM224L 

LM107L 

MLM107G 


LM158JG 

MLM158U 


LM224AJ 


MLM224L 

LM108AO 

MLM108AL 


LM158L 

MLM158G 


LM224D 

VILM224L 


LM108AF 

MLM108AF 


LM163J 


MC3450L 

LM224F 


MLM224L 

LM108AH 

IVILM108AG 


LM171H 


MC1590G 

LM224J 

MLM224L 


LM108AJ 

MLM108AU 


LM200F 


MLM205G 

LM225H 


MC1568G 

LM108D 

MLM108L 


LM200H 


MLM205G 

LM226H 


MC1568G 

LM108F 

MLM108F 


LM201A0 


MLM201AU 

LM228H 


MC1568G 

LM108H 

MLM108G 


LM201AF 


MLM201AG 

LM239AD 

MLM239AL 


LM109H 

MLM109G 


LM201AH 

MLM2D1AG 


LM239AJ 

MLM239AL 


LM109K 

MLM109K 


LM201AJ 


MLM201AU 

LM239D 

MLM239L 


LM109LA 

MLM109K 


LM201AJG 

MLM201AU 


LM239J 

MLM239L 


LMllOD 


MLMllOG 

LM201AL 

MLM201AG 


LM240LAH-5.0 


MC78L05ACG 

LMllOF 


MLMllOG 

LM201AN 


MLM201AP1 

LM240LAH-6.0 


MC78L06ACG 

• LMllOH 

MLMllOG 


LM201AP 

MLM201AP1 


LM240LAH-8.0 


MC78L08ACG 

LMlllD 

MLMlllL 


LM201AJ-14 


MLM2D1AU 

LM240LAH-12 


MC78L12ACG 

LMlllF 

MLMlllF 


LM2010 


MLM201AU 

LM240LAH-15 


MC78L15ACG 

LMlllH 

.MLMlllG 


LM201F 


MLM201AG 

LM240LAH18 


MC78L18ACG 

LM1120 


MC1556L 

LM201H 

MLM201AG 


LM240LAH-24 


MC78L24ACG 

LM112F 


MC1556L 

LM201J 

MLM201AU 


LM240LAZ-5.0 


MC78L05ACP 

LM112H 


MC1556G 

LM201J-14 


MLM201AU 

LM240LAZ-6,0 


MC78L06ACP 

LM117H 

LM117H 


LM202H 

MLM210G 


LM240LAZ-8.0 


MC78L08ACP 

LM117K 

LM117K 


LM204H 

MLM204G 


LM240LAZ-12 


MC78L12ACP 

LM118D 


MC1741SL 

LM204F 


MLM204G 

LM240LAZ-15 


MC78L15ACP 

LM118F 


MC1741SL 

LM205F 


MLM205G 

LM240LAZ-18 


MC78L18ACP 

LM118H 


MC1741SG 

LM205H 

MLM205G 


LM240LAZ-24 


MC78L24ACP 

LM120H-5.0 


MC7905CK 

LM206H 


MC1710CG 

LM243H 


MC1536G 

LM120H-5,2 


MC7905.2CK 

LM207D 


MLM207U 

LM245K 


MC7905CK 

LM120H-6.0 


MC7906CK 

LM207F 


MLM207G 

LM248D 

MC4741L 


LM120H-8.0 


MC7908CK 

LM207H 

MLM207G 


LM248J 

MC4741L 


LM120H-12 


MC7912CK 

LM207J 

MLM207U 


LM249D 


MC4741L 

LM120H-15 


MC7915CK 

LM207J-14 


MLM207U 

LM249J 


MC4741L 

LM120H-18 


MC7918CK 

LM208AD 

MLM208AL 


LM258AH 


MLM258G 

LM120H-24 


MC7924CK 

LM208AF 

MLM208AF 


LM258H 

MLM258G 


LM120K-5.0 


MC7905CK 

LM208AH 

MLM208AG 


LM271H 


MC1590G 

LM120K-5.2 


MC7905.2CK 

LM208AJ 

MLM208AU 


LM300F 


MLM305G 

LM120K-6,0 


MC7906CK 

LM208D 

( 

MLM208U 

LM300H 


MLM305G 

LM120K-8.0 


MC7908CK 

LM208F 

MLM208F 


LM301AD 


MLM301AU 

LM120K-12 


MC7912CK 

LM208H 

MLM208G 


LM301AF 


MLM301AG 

LM120K-15 


MC7915CK 

LM209K 

MLM209K 


LM301AH 

MLM301AG 


LM120K-18 


MC7918CK 

LM209H 

MLM209G 


LM301AJ 

MLM301AU 


LM120K-24 


MC7924CK 

LM2100 


MLM210G 

LM301AJG 

MLM301AU 


LM122F 


MC1555G 

LM210F 


MLM210G 

LM301AL 

MLM301AG 


LM122H 


MC1555G 

LM210H 

MLM210G 


LM301AN 

MLM301AP1 


LM123K 

LM123K 


LM211D 

MLM211L 


LM301AP 

MLM301AP1 


LM124AD 


MLM124L 

LM211F 

MLM211F 


LM302H 

MLM310G 


LM124AF 


MLM124L 

LM211H 

MLM211G 


LM304F 


MLM304G 

LM124AJ 


MLM124L 

LM212D 


MC1556L 

LM304H 

MLM304G 


LM124D 

MLM124L 


LM212F 


MC1556L 

LM304J 


MLM304G 

LM124F 


MLMI24L 

LM2I2H 


MC1'456G 

LM304L , 

MLM304G 


LM124J 

MLM124L 


LM217H 

LM117H 


LM304N 


MLM304G 

LM125H 


MC1568G 

LM217K 

.LM117K 


LM305AH 


MLM305G 

LM126H 


MC1568G 

LM218D 


MC1741SL 

LM305AJG 


MLM305G 

LM128H 


MC1568G 

LM218F 


MC1741SL 

LM305AL 


MLM305G 

LM139A0 

MLM139AL 


LM218H 


MCi741SG 

LM305AP 


MLM305G 

LM139AJ 

MLM139AL ■ 


LM220H-5.0 


MC7905CK 

LM305F 


MLM305G 

LM1390 

MLM139L 


LM220H-5.2 


MC7905.2CK 

LM305H 

MLM305G 


LM139J 

MLM139L 


LM220H-6,0 


MC7906CK 

LM305JG 


MLM305G 

LM140LAH-5,0 


MC78L05ACG 

LM220H-8,0 


MC7908CK 

LM305L 

MLM305G 


LM140tAH-6.0 


MC78L06ACG 

LM220H-12 


MC7912CK 

LM305P 


MLM305G 

LM140LAH-8,0 


MC78L08ACG 

LM220H-15 


MG7915CK 

LM306H 


MC1710CG 

LM140LAH-12 


MC78L12ACG 

LM220H-18 


MC7918CK 

LM307D 


MLM307U 

LM140LAH-15 


MC78L15ACG 

LM220H-24 


MC7924CK 

LM307F 


MLM307G 

LM140LAH-18 


MC78L18ACG 

LM220K-5.0 


MC7905CK 

LM307H 

MLM307G 


LM140LAH-24 


MC78L24ACG 

LM220K-5.2 


MC7905.2CK 

LM307J . 

MtM307U 


IM143D 


MC1536G 

LM220K-6.0 


MC7906CK 

LM307JG 

MLM307U 


LM143F 


MC1536G 

LM220K-8.0 


MC7908CK 

LM307J-14 


MLM307U 


MOTOROLA Somiconductor Rroducta Inc. 

















LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

LM307L 

MLM307G 


LM324N 

MLM324P 

MC3403P 

LM358L 

MLIVI358G 


LM307N 

MLM307P1 


LM325AN 


MC1468L 

LM358N 

MLM358P1 


LM307P 

MLM307P1 


LIVI325H 


MC1468G 

LM358P 

MLM358P1 


LM308AD 

MLM308AL 


LM325N 


MC1468L 

LM363AJ 


MC3450L 

LM308AF 


MLM308AL 

LM326H 


MC1468G 

LM363AN 


MC3450P 

LM308AH 

MLM308AG 


LM326N 


MC1468L 

LM363J 


MC3450L 

LM308AH-1 


MLM308AG 

LM328AN 


MC1468L 

LM363N 


MC3450P 

LM308AH-2 


MLM308AG 

LM328H 


MC1468G 

LM371H 


MC1590G 

LM308AJ 

MLM308AU 


LM328N 


MC1468L 

LM376JG 


MLM305G 

LM308D 

MLM308L 


LM339A0 

MLM339AL 


LM376L 

MLM305G 


LM308H 

' MLM308G 


LM339AN 

MLM339AP 


LM376N 


MLM305G 

LM308N 

MLM308P1 


LM339N 

MLM339P 


LM376P 


MLM305G 

LM309H 

MLM309G 


LM340K-5,0 

MC7805CK 


LM380N 


MC1384PQ 

LM309K 

MLM309K 


LM340K-6.0 

MC7806CK 


LM381N 


MC1303P 

LM309KC 

MLM309K 


LM340K-8.0 

MC7808CK 


LM382N 


MC1303P 

LM309LA 

MLM309K 


LM340K-12 

MC7812CK 


LM384N 


MC1384PQ 

LM310D 


MLM310G 

LM340K-15 

MC7815CK 


LM386N 


MC1306P 

LM310F 


MLM310G 

LM340K-18 

MC7818CK 


LM388N 


MC1384PQ 

LM310H 

MLM310G 


LM340K-24 

MC7824CK 


LM390N 


MC1384PQ 

LM310J-8 


MLM310P1 

LM340KC-5.0 

MC7805CK 


LM555CH 

MC1455G 


LM310N 

MLM310P1 


LM340KC-6.0 

MC7806CK 


LM555CN 

MC1455P1 


LM3UD 

MLM311L 


LM340KC-8.0 

MC7808CK 


LM555H 

MC1555G 


LM311F 

MLM311F 


LM340KC-12 

MC7812CK 


LM556CO 

MC3456L 


LM311H 

IV1LM311G 


LM340KC-15 

MC7815CK 


LM556CJ 

MC3456L 


LM311N 

MLM311P1 


LM340KC-18. 

MC7818CK 


LM556CN 

MC3456P 


LM311N-14 

MLM311L 


LM340KC-24 

MC7824CK 


LM556D 

MC3556L 


LM312D 


MC1456L 

LM340LAH-5.0 


MC78L05ACG 

LM556J 

MC3556L 


LM312F 


MC1456L 

LM340LAH-6.0 


MC78L06ACG 

LM565CH 


MLM565CP 

LM312H 


MC1456G 

LM340LAH-8.0 


MC78L08ACG 

LM565CN 

MLM565CP 


LM317H 

LM317H 


LM340LAH-12 


MC78L12ACG 

LM565H 


MLM565CP 

LM317K 

LM317K 


LM340LAH-15 


MC78L15ACG 

LM703LN 


MC1350P 

LM317P 

LM317T 


LM340LAH-18 


MC78L18ACG 

LM709AH 

MC1709AG 


LM317T 

LM317T 


LM340LAH-24 


MC78L24ACG 

LM709AJ 

MC1709AL 


LM3180 


MC1741SCL 

LM340LAZ-5.0 


MC78L05ACP 

LM709CH 

MC1709CG 


LM318F 


MC1741SCL 

LM340LAZ-6.0 


MC78L06ACP 

LM709CJ 

MC1709CL 


LM318H 


MC1741SCG 

LM340LAZ-8.0 


MC78L08ACP 

LM709CN 

MC1709CP2 


LM318N 


MC1741SCP1 

LM340LAZ-12 


MC78L12ACP 

LM709CN-8 

MC1709CP1 


LM320H-5.0 


MC7905CK 

LM340LAZ-15 


MC78L15ACP 

LM709H 

MC1709G 


LM320H-5.2 


MC79052CK 

LM340LAZ-18 


MC78L18ACP 

LM709J 

MC1709L 


LM320H-6.0 


MC7906CK 

LM340LA2-24 


MC78L24ACP 

LM710CH 

MC1710CG 


LIVI320H-8.0 


MC7908CK 

LM340T-5.0 

MC7805CT 


LM710CN 

MC1710CP 


LM320H-12 


MC7912CK 

LM340T-6.0 

MC7806CT 


LM710H 

MC1710G 


LM320H-15 


MC7915CK 

LM340T-8.0 

MC7808CT 


LM711CH 

MC1711CG 


LM320H-18 


MC7918CK 

LM340T-12 

MC7812CT 


LM711CN 

IVIC1711CP 


LM320H-24 


IVIC7924CK 

LM340T-15 

MC7815CT 


LM711H 

MC1711G 


LM320K-5.0 


MC7905CK 

LM340T-18 

MC7818CT 


LM723CD 

MC1723CL 


LM320K-6.0 


IVIC7906CK 

LM340T-24 

MC7824CT 


LM723CH 

MC1723CG 


LM320K-8.0 


MC7908CK 

LM341P-5.0 

MC78M05CT 


LM723CJ 

MC1723CL 


LM320K-12 


MC7912CK 

LM341 P-6.0 

MC78M06CT 


LM723CN 

MC1723CP 


LM320K-15 


MC7915CK 

LM341P-8.0 

MC78M08CT 


LM723D 

MC1723L 


LM320K-18 


MC7918CK 

LM341P-12 

MC78M12CT 


LM723H 

MC1723G 


LM320K-24 


MC7924CK 

LM341P-15 

MC78M15CT 


LM723J 

MC1723L 


LM320MP-5.0 


MC7905CT 

LM341P-18 

MC78M18CT 


LM733CD 

MC1733CL 


LM320MP-5.2 


MC7905.2CT 

LM341P-24 

MC78M24CT 


LM733CH 

MC1733CG 


LM320MP-6.0 


MC7906CT 

LM342P-5.0 

MC78M05CT 


LM733CJ 

MCi733CL 


LM320MP-8.0 


MC7908CT 

LM342P-6.0 

MC78M06CT 


LM733CN 

MC1733CP 


LM320MP-12 


MC7912CT 

LM342P-8.0 

MC78M08CT 


LM733D 

MC1733L 


LM320MP-15 


MC7915CT 

LM342P-12 

MC78M12CT 


LM733H 

MC1733G 


LM320MP-18 


MC7918CT 

LM342P-15 

MC78M15CT 


LM733J 

MC1733L 


LM320MP-24 


MC7924CT 

LM342P-18 

MC78M18CT 


LM741AD 


MC1741L 

LM320T-5.0 


MC7905eT 

LM342P-24 

MC78M24CT 


LM741AF 


MC1741F 

LM320T-5.2 


MC7905.2CT 

LM3430 


MC1436G 

LM741AH 


MC1741G 

LM320T-6.0 


MC7906CT 

LM343H 


MC1436G 

LM741AJ-14 

f 

MC1741L 

LM320T-8.0 


MC7908CT 

LM345K 


MC7905CK 

LM741CD 

MC1741CL 


LM320T-12 


MC7912CT 

LM348D 

MC4741L 


LM741CF 

MC1741CF 


LM320T-15 


MC7915CT 

LM348J 

MC4741CL 


LM741CH 

MC1741CG 


LM320T-18 


MC7918CT 

Liyi348N 

MC4741CP 


LM741CJ 

MC1741CU 


LM320T-24 


MC7924CT 

LM349D 


MC4741CL 

LM741CJ-14 

MC1741CL 


LM322H 


MC1455G 

LM349J 


MC4741CL 

LM741CN 

MC1741CP1 


LM322N 


MC1455P1 

LM349N 


MC4741CL 

LM741CN-14 

MC1741CP2 


LM323K 

LM323K 


LM358AH 


MLM358G 

LM741D 

MC1741L 


LM324AJ 


MLM324L 

LM358AN 


MLM358P1 

LM741E0 


MC1741CL 

LM324AN 


MLM324P 

LM358H 

MLM358G 


LM741EH 


MC1741CG 

LM324J 

MLM324L 

MC3403L 

LM358JG 

MLM358U 


LM741EJ 


MC1741CU 


MOTOROLA Semiconductor Products Inc. 


1-14 
















LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

, 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

LM741EJ-14 


MC1741CL 

LM3071N 


MC1399P 

LM75324N 


MC75325P 

LM741EN 


MC1741CP1 

LM3075N 

MC1375P 


LM75325J 

MC75325P 


LM741F 

MC1741F 


LM3086N 

MC3386P 


LM75325N 

MC75325L 


LM741H 

MC1741G 


LM3126 


MC1399P 

LM75450N 

MC75450P 


LM741J-14 

MC1741L 


LM3146 


MC3346P 

LM75451N 

MC75451P 


LM746N 


MC1323P 

LM3146A 


MC3346P 

LM75452N 

MC75452P 


LM747C0 

MC1747CL 


LM3301N 

MC3301P 


LM75453N 

MC75453P 


LM747CF 

MC1747CF 


LM3302J 

MC3302L 


LM75454N 

MC75454P 


LM747CH 

MC1747CG 


LM3302N 

MC3302P 


LM78L05ACH 

MC78L05ACG 


LM747CJ 

MC1747CL 


LM3401N 

Me3401P 


LM78L05ACZ 

MC78L05ACP 


LM747CN 

MC1747CP2 


LM3900N 


MC3401P 

LM78L05CH 

MC78L05CG 


LM747D 

MC1747L 


LM3905N 


MC1455P1 

LM78L05CZ 

MC78L05CP 


LM747F 

MC1747F 


LM4250CH 


MC1776CG 

LM78L08ACH 

MC78L08ACG 


LM747H 

MC1747G 


LM4250CN 


MC1776CP1 

LM78L08ACZ 

MC78L08ACP 


LM747J 

MC1747L 


LM4250H 


MC177eG 

LM78L08CH 

MC78L08CG 


LM748CH 

MC1748CG 


LM5524J 

MC5524L 


LM78L08CZ 

MC78L08CP 


LM748CJ 

MC1748CU 


LM5525J 

MC5525L 


LM78L12ACH 

MC78L12ACG 


LM748CN 

MC1748CP1 


LM5528J 

MC5528L 


LM78L12ACZ 

MC78L12ACP 


LM748H 

MC1748G 


LM5529J 

MC5529L 


LM78L12CH 

MC78L12CG 


LM748J 

MC1748U 


LM5534J 

MC5534L 


LM78L12CZ 

MC78L12CP 


LM1303N 

MC1303P 


LM5535J 

MC5535L 


LM78L15ACH 

MC78L15ACG 


LM1307N 

MC1307P 


LM5538J 

MC5538L 


LM78L15ACZ 

MC78L15ACP 


LM1310N 

MC1310P 


LM5539J 

MC5539L 


LM78L15CH 

MC78L15CG 


LM1351N 

MC1351P 


LM7524J 

MC7524L 


LM78L15CZ 

MC78L15CP 


LM1391N 

MC1391P 


LM7524N 

MC7524P 


LM78L18ACH 

MC78L18ACG 


LM1394N 

MC1394P 


LM7525J 

MC7525L 


LM78L18ACZ 

MC78L18ACP 


LM1414J 

MC14i4L 


LM7525N 

MC7525P 


LM78L18CH 

MC78L18CG 


LM1414N 

MC1414P 


LM7528J 

MC7528L 


LM78L18CZ 

MC78L18CP 


LM1458H 

MC1458G 


LM7528N 

MC7528P 


LM78L24ACH 

NC78L24ACG 


LM1458J 

MC1458U 


LM7529J 

MC7529L 


LM78L24ACZ 

NC78L24ACP 


LM1458N 

MC1458P1 


LM7529N 

MC7529P 


LM78L24CH 

MC78L24CG 


LM1458N-14 

MC1458P2 


LM7534J 

MC7534L 


LM78L24CZ 

MC78L24CP 


LM1488J 

MCI488L 


LM7534N 

MC7534P 


MC2310A 

MC1310P 


LM1489AJ 

MC1489AL 


LM7535J 

MC7535L 


MC1408B 

MC1408P8 


LM1489J 

MC1489L 


LM7535N 

MC7535P 


MC1408F 

MC1408L8 


LM1496H 

MC1496G 


LM7538J 

MC7538L 


MC1458JG 

MC1458U 


LM1496J 

IVIC1496L 


LM7538N 

MC7538P 


MC1458L 

MC1458G 


LM1496N 

MC1496P 


LM7539J 

MC7539L 


MC1458P 

MC1458P1 


LM15I4J 

IVIC1514L 


LM7539N 

MC7539P 


MC1558JG 

MC1558U 


LM1558H 

MC1558G 


LIVI7805KC 

MC7805CK 


MC1558L 

MC1558G 


LM1558J 

IVIC1558U 


LIVI7806KC 

MC7806CK 


MH0026H 


IVIMH0026CG 

LM1596H 

MC1596G 


LM7808KC 

MC7808CK 


MH0026CH 

MMH0026CG 


LM1596J 

MC1596L 


LM7812KC 

Me7812CK 


MH0026CN 

MMH0026CP1 


LM1800AN 


MC1310P 

LM7815KC 

MC7815CK 


MH0026G 


MMH0026CG 

LM1800N 


MC1310P 

LM7818KC 

MC7818CK 


IVIH0026CG 


MIVIH0026CG 

LM1805 


IVIC1385P 

LM7824KC 

MC7824CK 


MH0026F 


MMH0026CL 

LM1808N 


TDA1190Z 

LM55107AJ ' 

MC55107L 


MH0026CF 


MMH0026C1 

LM1828N 


MC1323P 

LM55108AJ 

MC55I08L 


MIC709-1 

MC1709G 


lM1841N 

MC1356P 


LM55109J 


MC75110L 

M1C709-5 

MC1709CG 


LM1845N 


MC1344P 

LM55110J 


MC75110L 

MIC710-1B 

MC1710F 


LM1848N 


MC1323P 

LM55121J 


MC8T13L 

MIC710-1C 

MC1710G 


LM1850N 


MC3426L 

LIVI55122J 


MC8T14L 

MIC710-5B 

MC1710CF 


LM19000 


MC3301L 

LM55123J 


MC8T23L 

MIC710-5C 

MC1710CG 


LM2111N 

MC1357P 


LM55124J 


MC8T24L 

MIC711-1B 

MC1711F 


LM2113N 


MC1357P 

LM55325N 

MC55325L 


MIC711-1C 

MC1711G 


LM2900J 


MC3301L 

LM75107AJ 

MC75107L 


MIC711-5B 

MC1711CF 


LM2900N 


MC3301P 

LM75107AN 

MC75107P 


MIC711-5C 

MC1711CG 


LM2901N 

MLM2901P 


LM75108AJ 

MC75108L 


MIC712-1B 

MC1712F 


LM2902J 

MLM2902L 


LM75108AN 

MC75108P 


MIC712-1C 

MC1712G 


LM2902N 

MLM2902P 


LM75110J 

MC75110L 


MIC712-1D 

MC1712L 


LM2904N 


MLM358P1 

LM75110N 

MC75110P 


MIC712-5B 

MC1712CF 


LM2905N 


MC1455P1 

LM75121J 

MC8T13L 


MIC712-5C 

MC1712CG 


LM2907N 


MC3315P 

LM75121N 

MC8T13P 


MIC712-5D 

MC1712CL 


LM2917N 


MC3315P 

LM75122J 

MC8T14L 


MIC723-1 

MC1723G 


LM3011H 


MC1550G 

LM75122N 

MC8T14P 


MIC723-5 

MC1723CG 


LM3026 


CA3054 

LM75123J 

MC8T23L 


MIC741-1C 

MC1741G 


LM3045 


MC3346P 

LM75123N 

MC8T23P 


MIC741-10 

MC1741L 


LM3046N 

MC3346P 


LM75124J 

MC8T24L 


MIC741-BC 

MC1741CG 


LM3054 

CA3054 


LM75124N 

MC8T24P 


MIC741-5D 

MC1741CL 


LM3064N 

MC1364P 


LM75207L 


IVIC75107L 

MLIOIAF 


MLMIOIAG 

LM3065N 

MC1358P 


LM75207N 


MC75107P 

MLIOIAM 


MLMIOIAG 

LM3066N 


MC1399P 

LM75208J 


MC75108L 

MLIOIAT 

MLMIOIAG 


LM3067N 


MC1323P 

LM75208N 


MC75108P 

MLIOIF 


MLMIOIAG 

LM3070N 


MC1399P 

LM75324j 


- MC75325L 

MLIOIM 


MLMIOIAG 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 
. Functional 
Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent. 

MLIOIT 

MLMIOIAG 


ML741CP 

MC1741CP2 


N7525B 

MC7525P 


ML107F 


MLM107G 

ML741CS 

MC1741CP1 


N8T13B 

MC8T13P 


ML107M 


MLM107G 

ML741CT 

MC1741CG 


N8T13P 

MC8T13L 


MH07T 

MLM107G 


ML741F 

MC1741F 


N8T14B 

MC8T14P 


ML108AF 


MC1556G 

ML741M 

MC1741L 


N8T14E 

MC8T14L 


ML 108AM 

MLM108AL 


ML741T 

MC1741G 


N8T15A 


MC1488L 

ML108AT 

MLM108AG 


ML747CP 

MC1747CL 

/ 

N8T15F 


MC1488L 

ML108M 

MLM108L 


ML747CT 

MC1747CG 


N8T16A 


MC1489L 

ML108T 

MLM108G 


ML747F 

MC1747F 


N8T23B 

MC8T23P 


MLlllF 

MLMlllF 


ML747M 

MC1747L 


N8T23E 

MC8T23L 


MLlllM 

MLMlllL 


ML747T 

MC1747G 


N8T24B 

MC8T24P 


Minis 


MLMlllL 

ML748CP 


MLM301AP1 

N8T24E 

MC8T24L 


MLlllT 

MLMlllG 


ML748CS 

MLM301AP1 


N8T26AB 

MC8T26AP 


ML118F 


MC1741SG 

ML748CT 

MC1748CG 


N8T26AE 

MC8T26AL 


ML118M 


MC1741SG 

1VIL748F 


MC1748G 

N8T26B 

MC8T26P 


ML118T 


MC1741SG 

ML748M 


MC1748G 

N8T28B 

MC8T28P 


ML201AF 


MLM201AG 

ML748T' 

MC1748G 


N8T37A 

MC3437P 


ML201AM 


MLM201AG 

ML1436T 

MC1436G 


N8T38A 

MC3438P 


ML201AT 

MLM201AG 


ML1437P 

MC1437P 


N8T95B 

MC8T95P 


ML201F 


MLM201AG 

ML1458P 

MC1458P2 


N8T95F 

MC8T95L 


ML201M 


MLM201AG 

ML1458S 

MC1458P1 


N8T96B 

MC8T96P 


ML201T 

MLM201AG 


ML1458T 

MC1458G 


N8T96F 

MC8T96L 


ML207F 


MLM207G 

ML1488M 

MC1488L 


N8T97B 

MC8T97P 


ML207M 


MLM207G 

ML1489AM 

MC1489AL 


N8T97F 

MC8T97L 


ML207T 

MLM207G 


ML1489M 

MC1489L 


N8T98B 

MC8T98P 


ML208AF 


MC1556G 

ML1536T 

MC1536G 


N8T98F 

MC8T98L 


ML208AM 

MLM208AL 


ML1537M 

MC1537L 


NE501A 


MC1733CL 

ML208AT 

MLM208AG 


ML1558M 

MC1558L 


NE501K 


MC1733CG 

ML208M 

MLM208L 


ML1558T 

MC1558G 


NE515A 


MC1420G 

ML208T 

MLM208G 


ML3046P 

MC3346P 


NE515G 


MC1520F 

ML211F 

MLM211F 


ML4250T 


MC1776G 

NE515K 


MC1420G 

ML211M 

MLM211L 


/ML4250CS 


MC1776CG 

NE516A 


MC1420G 

ML211S 

MLM211P1 


ML4250CT 


MC1776CG 

NE516G 


MC1520F 

ML211T 

MLM211G 


ML4251T 


MC1776G 

NE516K 


MC1420G 

ML218F 


MC1741SG 

ML4251CS 


MC1776CG 

NE528B 


MC1444L 

ML218M 


MC1741SG 

ML4251CT 


MC1776CG 

NE528E 


MC1444L 

ML218T 


MC1741SG 

ML6503M 


MC1537L 

NE531G 


MC1439G 

ML301AP 


MLM301AP1 

ML7503M 


MC1437L 

NE531T 


MC1439G 

ML301AS 

MLM301AP1 


N5065A 

MC1358P 


NE531V 


MC1439P 

ML301AT 

MLM301AG 


N5070B 


MC1399P 

NE533G 


MC1776CG 

ML301P 


MLM301AP1 

N5071A 


MC1399P 

NE533T 


MC1776CG 

ML301S 

MLM301AP1 


N5072A 


‘ MC1323P 

NE533V 


MC1776CG 

ML301T 

MLM301AG 


N5556T 

MC1456G 


NE537G 


MC1456G 

ML307P 


MLM307G 

N5556V 

MC1456P1 


NE537T 


MC1456G 

ML307S 

MLM307P1 


N5558F 

MC1458L 


NE540L 


MC1554G 

ML307T 

MLM307G 


N5558T 

MC1458G 


NE550A 


MC1723CP 

ML308AM 

MLM308AL 


N5558V 

MC1458P1 


NE550L 


MC1723CG 

ML308AT 

MLM308AG 


N5595A 

MC1495L 


NE555JG 

MC1455U 


ML308M 

MLM308L 


N5595F 

MC1495L 


NE555L 

MC1455G 


ML308T 

MLM308G 


N5596A 

MC1496L 


NE555P 

MC1455P1 


ML311M 

MLM311L 


N5596K 

MC1496G 


NE555T 

MC1455G 


ML311P 

MLM311L 


N5709A 

MC1709CP2 


NE555V 

MC1455P1 


ML311S 

MLM311P1 


N5709G 

MC1709CF 


NE556A 

MC3456P 


ML311T 

MLM311G 


N5709T 

MC1709CG 


NE5561 

MC3456L 


ML318M 


MC1741SCP1 

N5709V 

MC1709CP1 


NE565A 

MLM565CP 


ML318T 


MC1741SCG 

N5710A 

MC1710CP 


NE565K 


MLM565CP 

ML709AF 

MC1709AF 


N5710T 

MC1710CG 


NE592A 

NE592L 


ML709AM 

MC1709AL 


N5711A 

MC1711CP 


NE592K 

NE592G 


ML709AT 

MC1709AG 


N5711K 

MC1711CG 


OP-OIC 


MC1536 

ML709CP 

MC1709CP2 


N5723A 


MC1723CP 

OP-OIG 


MC1536 - 

ML709CT 

MC1709CG 


N5723T 

MC1723CG 


OP-OIH 


MC1536 

ML709F 

MC1709F 


N5733K 

MC1733CG 


OP-OIJ 


MC1536G 

ML709M 

MC1709L 


N5741A 

. MC1741CP2 


OP-OIL 


MC1536G 

ML709T 

.MC1709G 


N5741T 

MC1741CG 


OP-OIP 


MC1536P 

ML723CF 


MC1723CL 

N5741V 

MC1741CP1 


OP-08 


MC1776 

ML723CM 

MC1723CL 


N5747A 

MC1747CL 


0P-08A 


MC1776 

ML723CP 

MC1723CL 


N5747F 

MC1747CL 

/ 

OP-08B 


MC1776 

ML723CT 

MC1723CG 


N5748A 


MC1747CG 

0P-08C 


MC1776 

ML723F 


MCi723L 

N5748T 

MC1748CG 


“ 0P-08E 


MC1776 

ML723M 

MC1723L 


N7520B 

MC7520P 


PA239A 


MC1303P 

ML723T 

MC1723G 


N7521B 

MC7521P 


RC702T 

MC1712CG 


ML741AF 


,MC1556G 

N7522B 

MC7522P 


RC709D 

MC1709CL 


ML741AM 


MC1556G 

N7523B 

MC7523P 


RC709DN 

MC1709CP1 


ML741AT 


MC1556G 

N7524B 

MC7624P 


RC709DP 

■MC1709CP2 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equiyalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

RC709Q 

MC1709CF 


RM709D 

MC1709L 


SGIOIT 

MLMIOIAG 


RC709f 

IVIC1709CG 


RM709Q 

MC1709F 


SG102J 


MLMllOG 

RC710bC 

MC1710CL 


RM709T 

MC1709G 


SG102T 

MLMllOG 


RC710DP 

MC1710CP 


RM710D 

MC1710L 


SG104T 

MLM104G 


RC710Q 

MC1710CF 


RM710Q 

MC1710F 


SG105N 


MLM105G 

RC710T 

MC1710CG 


RM710T 

MC1710G 


SG105T 

MLM105G 


RC7110C 

MC1711CL 


RM711DC 

MC1711L 


SG107J 


MLM107G 

RC711DP 

MC1711CP 


RM711Q 

MC1711F 


SG107T 

MLM107G 


RC711Q 

MC1711CF 


RM711T 

MC1711G 


SG108AJ 

MLM108AL 


RC711T 

MC1711CG 


RM723D 

MC1723L 


SG108AT 

MLM108AG 


RC723D 

MC1723CL 


RM723T 

MC1723G 


SG108J 

MLM108L 


RC723T 

MC1723CG 


RM733D 

MC1733L 


SG108T 

MLM108G 


RC733D 

MC1733CL 


RM733T 

MC1733G 


SG109K 

MLM109K 


RC733T 

MC1733CG 


RM7410 

MC1741L 


SG109T 

MLM109G ' 


RC7410 

MC1741CL' 


RM741DP 

MC1741P 


SGllOD 


MLMllOG 

RC741DN 

MC1741CP1 


RM741Q 

MC1741F 


SGllOT 

MLMllOG 


RC741DP 

MC1741CP2 


RM741T 

MC1741G 


SGlllD 

MLMlllL 


RC741Q 

MC1741CF 


RM747D 

MC1747L 


SGlllM 

MLMlllPl 


RC741T 

MC1741CG 


RM747T 

MC1747G 


SGlllT 

MLMlllG 


RC747D 

MC1747CL 


RM748T 

MC1748G 


SG118J 


MC1741SL 

RC747T 

MC1747CG 


RM1514DC 

MC1514L 


SG118T 


MC1741SG 

RC748T 

MC1748CG 


RM1537D 

MC1537L 


SG120K-05 


MC7905CK 

RC1414Dfc 

MC1414L 


RM4136D 


MC3503L 

SG120K-5.2 


MC7905.2CK 

RC1414DP 

MC1414P 


RM4J36J 


MC3503L 

SG120K-12 


MC7912CK 

RC1437D 

MC1437L 


RM4i95T 


MC1568G 

SG120K-15 


MC7915CG 

RC1437DP 

MC1437P 


RM4195TK 


MC1568R 

SG120T-05 


MC7905CT 

RC1458DN 

MC1458P1 


RM4558D 

MC4558U 


SG120T-5.2 


MC7905.2CK 

RC1458T 

MC1458G 


RM4558JG 

MC4558U 


SG120T-12 


MC7912CT 

RC14880C 

MC1488L 


RM4558L 

MC4558G 


SG120T-15 


MC7915CT 

RC1489A0C 

MC1489AL 


RM4558T 

MC4558G 


SG124J 

MLM124L 


RC1489DC 

MC1489L 


RM55107AD 

MC55107L 


SG140K-05 


MC7805CK 

RC1556T 

MC1456CG 


RM55325DD 

MC55325L 


SG140K-06 


MC7806CK 

RC1558T 

MC1558G 


RV3301DB 

MC3301P 


SG140K-08 


MC7808CK 

RC3302DB 

MC3302P 


S5556T ' 

MC1556G 


SG140K-12 


MC7812CK 

RC41310P 


MC1471SCPI 

S5558E 

MC1558L 


SG140K-15 


MC7815CK 

RC4131T 

' 

MC1741SG 

S5558T ■ 

MC1558G 


SG140K-18 


MC7818CK 

RC4136D 


IVIC3403L 

S5596F 

MC1596L 


SG140K-24 


MC7824CK 

RC41360P 


MC3403P 

S5596K 

MC1596G 


SG200T 


MC1723G 

RC4136J 


MC3403L 

S5709G 

MC1709F 


SG201AD 


MLM201AG 

RC4136N 


MC3403P 

S5709T 

MC1709G 


SG201AM 

MLM201AP1 


RC4195T 


MC1468G 

S5710T 

MC1710G 


SG201AN 


MLM201AP1 

RC4195TK 


MC1468R 

S5711K 

MC1711G 


SG201AT 

MLM201AG 


RC4444R 

MC3416L 


S5723T 

MC1723G 


SG201J 


MLM201AG 

RC4558DN 

MC4558CP1 


S5733K 

MC1733G 


SG201M 

MLM201AP1 


RC4558JG 

MC4558CU 


S5741T 

MC1741G 


SG201N 


MLM201AP1 

RC4558L 

MC4558CG 


S8T13E 


MC8T13L 

SG201T 

MLM201AG 


RC4558P 

MC4558CP1 


S8T14E 


MC8T14L 

SG202J 


MLM210G 

RC4558T 

MC4558CG 


SE501K 


MC1733G 

SG202M 


MLM210G 

RC4739D 


MC1303P 

SE515G 


MC1520F 

SG202N 


MLM210G 

RC47390B 


MC1303P 

SE515K 


MC1520G 

SG202T 

MLM210G 


RC4739DP 

MC1303P 


SE516A 


MC1520G 

SG204T 

MLM204G 


RC7522M 

MC7522L 


SE516G 


MC1520F 

SG205N 


MLM205G 

RC7523M 

MC7523L 


SE516K 


MC1520G 

SG205T 

MLM205G 


RC7524M 

MC7524L 


SE528E 


MC1544L 

SG207J 


MLM207G 

RC7525M 

MC7525L 


SE528R 


MC1544L 

SG207M 


MLM207G 

RC8T13DD 

MC8T13L 


.SE531G 


MC1539G 

SG207N 


MLM207G 

RC8T13MP 

MC8T13P 


SE531T 


MC1539G 

SG207T 

MLM207G 


RC8T14DD 

MC8T14L 


SE533G 

J 

MC1776G 

SG208AJ 

MLM20BAL 


RC8T14MP 

MC8T14P , 


SE533T 


MC1776G 

SG208AM 

MLM208AU 


RC8T23DD 

MC8T23L 


SE537G 


MC1556G 

SG208AT 

MLM208AG 


RC8T23MP 

MC8T23P 


SE537T 


MC1556G 

SG208J 

MLM208L 


RC8T24DD 

MC8T24L 


SE550L 


Mei723G 

SG208M 

MLM208U 


RC8T24MP 

MC8T24P 


SE555JG 

MC1555U 


SG208T 

MLM208G 


RC75107A0 

MC75107L 


SE555L 

MC1555G 


SG209K 

MLM209K 


RC75107A0P 

MC75107P 


SE555T 

MC1555G 


SG209T 

MLM209G 


RC75108AO 

MC75108L 


SE556A 

MC3556L 


SG210D 


MLM210G 

RC751Q8ADP 

MC75108P 


SE565A 


MLM565CP 

SG210M 


MLM210G 

RC75109D 


MC75110L 

SE565K 


MLM565CP 

SG210N 


MLM210G 

RC75109DP 


MC75110P 

SE592A 

SE592L 


SG210T 

MLM210G 


RC75110D 

MC75110L 


SE592K 

SE592G 


SG2110 

MLM211L 


RC75110DP 

MC75110P 


SGIOOT 


MC1723G 

SG211M 

MLM211P1 


RC75325DD 

MC75325L 


SGIOIAD 


MLMIOIAG 

SG211T 

MLM211G 


RM702Q 

MC1712F 


SGIOIAT 

MLMIOIAG 


SG218J 


MC1741SL 

RM702T 

MC1721G 


SGIOIJ 


MLMIOIAG 

SG218M 


MC1741SL 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

SG218T 


MC1741SG 

SG711CT 

MC1711CG 


SG1501T 

MC1568G 


SG224J. 

MLM224L 


SG711D 

MC1711L 


SG1502D 


MC1568L 

SG224N 

MLM224P 


SG711F 

MC1711F 


SG1502N 


MC15'68L 

SG30ON 


MC1723CP 

SG711N 

MC1711P 


SG1524J 


MC3520L 

SG30OT 


MC1723CG 

SG711T 

MC1711G 


SG1536T 

MC1536G 


SG301AD 


MLM301AG 

SG723CD 

MC1723CL 


SG1556T 

MC1556G 


SG301AM 

MLM301AP1 


SG723CN 

MC1723CP 


SG1558T 

MC1558G 


SG301AN 


MLM301AP1 

SG723CT 

MC1723CG 


SG1595D 

MC1595L 


SG301AT ■ 

MLM301AG 


SG7230 

MC1723L 


SG1596D 

MC1596L 


SG302J 


MLM310P1 

SG723T 

MC1723G 


SG1596T 

MC1596G 


SG302M 

IVILM310P1 


SG733CD 

MC1733CL 


SGieeOD 


MLM301AG 

SG302N 


MLM310P1 

SG733CN 


MC1733CP 

SG1660J 


MLM308L 

SG302T 

MLM310G 


SG733CT 

MC1733CG 


SG1660M 


MLM308P1 

SG304T 

MLM304G 


SG7330 

. MC1733L 


SG1660T 


MLM308G 

SG305AT 


MLM305G 

SG733N 


MC1733L 

,SG1760D 


MLM307G 

SG305N 


MLM305G 

SG733T 

MC1733G 


SG1760F 


MLM307G 

SG305T 

MLM305G 


SG741C0 

MC1741CL 


SG1760J 


MLM308L 

SG307J 


MLM307P1 

SG741CF 

MC1741CF 


SG1760M 


MLM308P1 

SG307M 

MLM307P1 


SG741CM 

MC1741CP1 


SG1760T 


MLM308G 

SG307N 


MLM307P1 

SG741CN 

MC1741CP2 


SG2118AJ 


MLM208AL 

SG307T 

MLM307G 


SG741CT 

MC1741CG 


SG2118AM 


MLM208AU 

SG308AJ 

MLM308AL 


SG741D 

MC1741L 


SG2118AT 


MLM208AG 

SG308AM 

MLM308AP1 


SG741F 

MC1741F 


SG2118J 


MLM208L 

SG308AT 

MLM308AG 


SG741T 

MC1741G 


SG2118M 


MLM208U 

SG308J 

MLM308L 


SG741SCM 

MC1741SCP1 


SG2118T 


MLM208G 

SG308M 

MLM308P1 


SG741SCT 

MC1741SCG 


SG2250T 


MC1776G 

SG308T 

MLM308G 


SG741ST 

MC1741SG 


SG2401N 


MC1433G 

SG309K 

MLM309K 


SG747CJ 

MCI747Ct 


SG2402N 


MC1494L 

SG309T 

MLM309G 


SG747CN 

MC1747CP2 


SG2402T 


MC1494L 

SG310D 


MLM310P1 

S6747CT 

MC1747CG 


SG2501AD 


MC1468L 

SG310M 

MLM310P1 


SG747J 

MC1747L 


SG2501AT 


MC1468G 

SG310N 


MLM310P1 

SG747T 

MC1747G 


SG2501D 

MC1468L 


SG310T 

MLM310G 


SG748CD 


MC1748CP1 

SG2501N 

MC1468L 


SG311D 

MLM311L 


SG748CM 


MC1748CP1 

SG2501T 

MC1468G 


SG311M 

IVILM311P1 


SG748CN 


MC1748CP1 

SG2502D 


MC1468L 

SG311T 

MLM311G 


SG748CT 

MC1748CG 


SG2502N 


MC1468L 

SG318J 


MC1741SCL 

SG748D 


MC1748G 

SG2502T 


MC1468G 

SG318M 


MC1741CP1 

SG748T 

MC1748G 


SG2524J 


MC3520L 

SG318T 


MC1741CG 

SG777CJ 


MLM308AL 

SG3118AJ 


MLM308AL 

SG320K05 


MC7905CK 

SG777CM 


MLM308AP1 

SG3118AM 


MLM308AP1 

SG320K-5,2 


MC7905,2CK 

SG777CN 


MLM308AP1 

SG3118AT 


MLM308AG 

SG320K-12 


IVIC7912CK 

SG777CT 


MLM308AG 

SG3118J 


MLM308L 

SG320K-15 


MC7915CK 

SG777J 


MLM108AL 

SG3118M 


MLM308P1 

SG320T-05 


MC7905CT 

SG777T 


MLIVI108AG 

SG3118T 


MLM308G 

SG320T-5.2 


IVIC7905.2CT 

SG1118AJ 


MLM108AL 

SG3250T 


MC1776G 

SG320T-12 


MC7912CT 

SG1118AT 


MLM108AG 

SG3401N 


MC1433G 

SG320T-15 


MC7915CT 

SG1118J 


MLM108L 

SG3401T 


MC1433G 

SG324J 

MLM324L 


SG1118T 


MLM108G 

SG3402N 


MC1494L 

SG324N 

IVILM324P 


SG1217 


MC1741G 

SG3402T 


MC1494L 

SG340K-05 

MC7805CK 


SG1217J 


MC1741SL 

SG3501AO 

MC1468L 


SG340K-06 

MC7806CK 


SG1217T. 


MC1741SG 

SG3501AT 

MC1468G 


SG340K-08 

MC7808CK 


SG1250T 


MC1776G 

SG3501D 

MC1468L 


SG340K-12 

MC7812CK 


SG1401N 


MC1533G 

SG3501N 

MC1468L 


SG340K-15 

MC7815CK 


SG1401T 


MC1533G 

SG3501T 

MC1468G 


SG340K-18 

MC7818CK 


SG1402N . 


MC1594L 

SG3502D 


MC1468L 

SG340K-24 

MC7824CK 


SG1402T 


MC1594L 

SG3502G 


MC1468G 

SG555CM 

MC1455P1 


SG1436CT 

MC1436CG 


SG3502N 


MC1468L 

SG555CT 

MC1455G 


SG1436M 

MC1436U 


SG3524J 


MC3420L 

SG555T 

MC1555G 


SG1436T 

MC1436G 


SG4250CM 


MC1776CP1 

SG556CJ 

MC3456L 


SG1456CT 

MC1456CG 


SG4250CT 


MC1776CG 

SG556CN 

MC3456P 


SG1456T 

MC1456G 


SG4250T 


MC1776G 

SG556J 

MC3556L 


SG1458IVI 

MC1458P1 


SG4501D 

MC1468L 


SG556N 

MG3556L 


SG1458T 

MC1458G 


SG4501N 

MC1468L 


SG710CD 

iyiC1710CL 


SG1468J 

MC1468L 


SG4501T 

MC1468G 


SG710CF 

MC1710CF 


SG1468N 

MC1468L 


SG7524J 

MC7524L 


SG710CN 

MC1710CP 


SG1468T 

MC1468G 


SG7524N 

MC7524P 


SG710CT 

MC1710CG 


SG1495D 

MC1495L 


SG7525J 

MC7525L 


SG710D 

MeniOL 


SG1495N 

MC1495L 


SG7525N 

MC7525P 


SG710F 

MCniOF 


SG1496D 

MC1496L 


SG7528J 

MC7528L 


SG710N 

MC1710P 


SG1496N 


MC1496L 

SG7528N 

MC7528P 


SG710T 

MC1710G 


SG1496T 

MC1496G 


SG7529J 

MC7529L 


SG7I1CD 

MC1711CL 


SG1501AD 


MC1568L 

SG7529N 

MC7529P 


SG711CF 

MC1711CF 


SG1501AT 


MC1568G 

SG7805CK 

MC7805CK 


SG711CN 

MC1711CP 


SG1501D 

MC1568L 


SG7805K 


MC7805CK 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Diiect 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

SG7806CK 

MC7806CK 


SN52709L 

MC1709G 


SN72710J 

MC1710CL 


SG7806K 


MC7806CK 

SN52710FA 

MC1710F 


SN72710L 

MC1710CG 


SG7808CK 

MC7808CK 


SN52710J 

MC1710L 


SN72710N 

MC1710CP 


SG7808K 


MC7808CK 

SN52710L 

MC1710G 


SN72711J 

MC1711CL 


SG7812CK 

MC7812CK 


SN527UFA 

MC1711F 


SN72711L 

MC1711CG 


SG7812K 


MC7812CK 

SN52711J 

MC1711L 


SN72711N 

MC1711CP 


SG7815CK 

MC7815CK 


SN52711L 

MC1711G 


SN72720J 


MC1710CL 

SG7815K 


MC7815CK 

SN52723FA 

MC1723F 


SN72720L 


MC1710CG 

SG7818CK 

MC7818CK 


SN52723J 

MC1723L 


SN72720N 


MC1710CP 

SG7818K 


MC7818CK 

SN52723L 

MC1723G 


SN72723J 

MC1723CL 


SG7824CK 

MC7824CK 


SN52733J 

MC1733L 


SN72723L 

MC1723CG 


SG7824K 


M,e7824CK 

SN52733L 

MC1733G 


SN72733J 

MC1733CL 


SH0013HC 


MMri0026CG 

SN52741FA 

MC1741F 


SN72733L 

MC1733CG 


SHOQISHM 


MMH0026G 

SN52741J 

MC1741L 


SN72741FA 

IVIC1741CF 


SH2001FC 


MC75462P 

SN52741L 

MC1741G 


SN72741J 

MC1741CL 


SH2001FM 


MC75462P 

SN52747FA 

MC1747F 


SN72741L 

MC1741CG 


SH2001HC 


MC75462P 

SN52747J 

MC1747L 


SN72741N 

MC1741CP2 


SH2001HM 


MC75462P 

SN52747L 

MC1747G 


SN72741P 

MC1741CP1 


SH2002FC 


MC75462P 

SN52748L 

MC1748G 


SN72747FA 

IV1C1747CF 


SH2002FM 


MC75462P 

SN52770L 


MC1556G 

SN72747J 

MC1747CL 


SH2002HC 


MC75462P 

SN52771L 


MC1556G 

SN72747L 

MC1747CG 


SH2002HM 


MC75462P 

SN52810FA 


MC1710F 

SN72747N 

MC1747CP2 


SH2002HC 


MC75462P 

SN52810J 


MC1710L 

SN72748L 

MC1748CG 


SH2200FC 


MC75462P 

SN52810L 


MC1710G 

SN72748P 

MC1748CP1 


SH2200FM 


MC75462P 

SN52811FA 


MC1711F 

SN72770L 


MC1456G 

SH2200HC 


MC75462P 

SN52811J 


MC1711L 

SN72771L 


MC1456G 

SH2200HM 


MC75462P 

SN52811L 


MC1711G 

SN72810FA 


MC1710GF 

SH2200PC 


MC75462P 

SN55107AJ 

MC55107L 


SN72810J 


MC1710CL 

SH8090FM 


MC1508L8 

SN55107BJ 


MC55107L 

SN72810L 


MC1710CG 

SN5510FA 

MC1510F 


SN55108AJ 

MC55108L 


SN72810N 


MC1710CP 

SN5510L 

MC1510G 


SN55108BJ 


MC55108L 

SN72811FA 


MC1711CF 

SN5522J 

MC5522L 


SN55109J 


MC75110L 

SN72811J 


MC17UCL 

SN5523J 

MC5523L 


SN55110J 


MC75110L 

SN72811L 


MC1711CG 

SN5524J 

MC5524L 


SN55232J 


MC5534L 

SN72811N 


MC1711CP 

SN5525J 

MC5525L 


SN55233J 


MC5535L 

SN72905 

MC7905CP 


SN5528J 

MC5528L 


SN55234J 


MC5524L 

SN72906 

MC7906CP 


SN5529J 

IVIC5529L 


SN55235J 


MC5525L 

SN72908 

MC7908CP 


SN7510FA 

MC1410F 


SN55238J 


MC5538L 

SN72912 

MC7912CP 


SN7524J 

MC7524L 


SN55239J 


MC5539L 

SN72915 

MC7915CP 


SN7524N 

MC7524P 


SN55244J 

MC1544L 


SN72L022P 


MLM358P1 

SN7525J 

MC7525L 


SN55325J 

MC55325L 


SN72L044JA 


MLM324P 

SN7525N 

MC7525P 


SN72301AL 

MLM301AG 


SN72L044N 


MLM324P 

SN7528J 

MC7528L 


SN72301AP, 

MLM301AP1 


SN75i07AJ 

MC75107L 


SN7528N 

MC7528P 


SN72304L 

MLM304G 


SN75107AN 

MC75107P 


■SN7529J 

MC7529L 


SN72305AL 


MLM305G 

SN75107BJ 


MC75107L 

SN7529N 

MC7529P 


SN72305L 

MLM305G 


SN75107BN 


MC75107P 

SN52101AL 

MLMIOIAG 


SN72306J 


MC1710CL 

SN75108AJ 

MC75108L 


SN52104L 

MLM104G 


SN72306L 


MC1710CG 

SN75108AN 

MC75108P 


SN52105L 

MLM105G 


SN72306N 


MC1710CP 

SN75108BJ 


MC75108L 

' SN52106FA 


MC1710F 

SN72307L 

MLM307G 


SN75108BN 


MC75108P 

SN52106J 


MC1710L 

SN72308AL 

MLM308AG 


SN75110J 

NC75110L 


SN52106L 


MC1710G 

SN72308L 

MLM308G 


SN75110N 

MC75110P 


SN52107L 

MLM107G 


SN72309L 

MLM309G 


SN75121J 

MC8T13L 


SN52108AL 

MLM108AG 


SN72310L 

MLM310G 


SN75121N 

MC8T13P 


SN52108L 

MLM108G 


SN72311L 

MLM311G 


SN75122J 

MC8T14L 


SN52109L 

MLM109G 


SN72311P 

MLM311P 


SN75122N 

MC8T14P 


SN521IOL 

MLMllOG 


SN72376L 


MLM305G 

SN75123J 

MC8T23L 


' SN52510FA 


MC1710F 

SN72440J 


MC3370P 

SN75123N 

MC8T23P 


SN52510J 


MC1710L 

SN72440N 


MC3370P 

SN75124J 

MC8T24L 


SN52510L 


MC1710G 

SN72510J 


MC1710CL 

SN75124N 

MC8T24P 


SN52514J 

MC1514L 


SN72510L 


MC1710CG 

SN75138N 


MC3443P 

SN52555L 

MC1555G 


SN72510N 


Mcnidcp 

SN75138J 


MC3443P 

SN52558L 

MC1558G 


SN72514J 


MC1414L 

SN75140P 

MC75140P1 


SN52702AFA 


MC1712F 

SN72514N 


MC1414P 

SN75150J 


MC1488L 

SN52702AJ 


MC1712L 

SN72555L 

MC1455G 


SN75150N 


MC1488L 

SN52702AL 


MC17I2G 

SN72555P 

MC1455P1 


SN75154J 


MC1489L 

SN52702FA 

MC1712F 


SN72558L 

MC14586 


SN75154N 


MC1489L 

SN52702J 

MC1712L 


SN72558P 

MC1458P1 


SN75188J 

MC1488L 


SN52702L 

MC1712G 


SN72702J 

MC1712CL 


SN75i88N 

MC1488L 


SN52709AFA 

MC1709AF 


SN72702L 

MCi712CG 


SN75189AJ 

MC1489AL 


SN52709AJ 

MC17D9AL 


SN72709J 

MC1709CL 


SN75189J 

MC1489L 


SN52709AL 

MC1709AG 


SN72709L 

MC1709CG 


SN75189AN 

MC1489AL 


SN52709FA 

MC1709F 


SN72709N 

MC1709GP2 


SN75189N 

MC1489L 


SN52709J 

MC1709L 


SN72709P 

MC1709CP1 


SN75207J 


MC75107L 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

SN75207N 


MC75107P 

SN76530P 

MC1330P 


TL022ML 


MLM158G 

SN75208J 


MC75108L 

SN76564N 

MC1364P 


TL044CJ 


MLM324L 

SN75208N 


MC75108P 

SN76565N 

MC1364P 


TL044CN 


MLM324P 

SN75232J 


MC7534L 

SN76591P 

MC1391P 


TL044MJ 


MLM124L 

SN75232N 


MC7534P 

SN76594P 

MC1394P 


TL497CJ 


MC3420L 

SN75233J 


MC7535L 

SN76600P 

MC1350P 


TL497CN ' 


MC3420P 

SN75233N 


MC7535P' 

SN76642N 

MC1357P 


TL497MJ 


MC3520L 

SN75234J 


MC7534L 

SN76644N 


MC1352P 

UDN5711M 

MC1471P1 


SN75234N 


MC7534P 

SN76650N 

MC1352P 


UDN5712M 

MC1472P1 


SN75235J 


MC7535L 

SN76651N 

MC1351P 


UON5713M 

MC1473P1 


SN75235N 


MC7535P 

SN76653N 


MC1352P 

UDN5714M 

MC1474P1 


SN75238J 


MC7538L 

SN76660N 


MC1357P 

UDN-7183A 


MC3491P 

SN75238N 


MC7538P 

SN76665N 

MC1364P 


UDN-7184A 


MC3491P 

SN752 39J 


MC7539L 

SN76666N 

MC1358P 


UPN-7186A 


MC3491P 

SN752 39N 


MC7539P 

SN76669N 

MC1356P 


UDN-6144A 


MC3490P 

SN75261N 


MC3461L 

SN76675N 

MC1375P 


UDN-6164A 


MC3490P 

SN75322N 


MC3460P 

SN76678P 


MC1355P 

UDN-6184A 


MC3490P 

SN75362P ■ 


MMH0026CP 

SSSIOIAL 


MLMIOIAG 

UHD-490 


MC3494P 

SN75365J 

MC75365L 


SSSIOIAJ 

MLMIOIAG 


UHP-490 


MC3494P 

SN75365N 

MC75365P 


SSSIOIAP 


MLMIOIAPI 

UHD-491 


MC3494P 

SN75368J 

MC75368L 


SSS107J 

MLM107G 


UHP-491 


MC3494P 

SN75 368N 

MC75368P 


SSS107P 


MLM107G 

UHP-495 


MC3490P 

SN75369P 

MMH0026CP 


SSS201AJ 

MLM201AG 


ULN2001A 

ULN2001A 


SN75450AJ 

MC75450L 


SSS201AL 


MLM201AG 

ULN2002A 

ULN2002A 


SN75450AN 

MC75450P 


SSS201AP 


MLM201AP1 

ULN2003A 

ULN2003A 


SN75450BN - 


MC75450P2 

SSS207J 

MLM207G 


ULN2004A 

ULN2004A 


SN75450N 

MC75450P2 


SSS207P 


MLM207G 

ULN2111A 

MC1357P 


SN75451AP 

IVIC75451P 


SSS301AJ 

MLM301AG 


ULN2111N 

MC1357PQ 


SN75451P 

MC75451P 


SSS301AL 


MLM301AG 

ULN2113A 


MC1357P 

SN75452P 

MC75452P 


SSS301AP 

MLM301AP1 


ULN2113N 


MC1357P 

SN75453P 

MC75453P 


SSS741BJ 


MC1741G 

ULN2114A 


MC1323P 

SN75454P 

MC75454P 


SSS741BL 


MC1741F 

ULN2114K 


MC1323P 

SN75460AJ 

MC75460L 


SSS741BP 

MC1741P2 


ULN2114N 


MC1323P 

SN75460AN 

MC75460P 


SSS741CJ 


MC1741CG 

ULN2120A 


MC1310P 

SN75461 

MC75461 


SSS741CL 


MC1741CF 

ULN2121A 


MC1310P 

SN75461AP 

MC75461P 


SSS741CP 

MC1741CP2 


ULN2122A 


MC1310P 

SN75462 

MC75462 


SSS741GJ 

MC1741SG 


ULN2124A 


MC1399P 

SN75462AP 

MC75462P 


SSS741GP 


MC1741SG 

ULN2125A 


MC1344P 

SN75463 

MC75463 


SSS741J 


MC1741G 

ULN2126A 


MC1303P 

SN75463AP 

MC75463P 


SSS741L 


MC1741F 

ULN2127A 


MC1399P 

SN75464 

MC75464 


SSS741P 


MC1741P2 

ULN2128A 


MC1310P 

SN75464AP 

MC75464P 


SSS747B2 

MC1747F 


ULN2129A 

MC1375P 


SN75461N 

MC75491P 


SSS747BP 


i MC1747L 

ULN2136A 

MC1356P 


SN75466J 

MC1411L 


SSS747CK 


MC1747CG 

ULN21390 


MC1439G 

SN75466N 

MC1411P 


SSS747CM 


MC1747CF 

ULN2139G 


MC1439G 

SN75467J 

MC1412L 


SSS747CP 


MC1747CL 

ULN2139H 


MC1439P2 

SN75467N 

MC1412P 


SSS747GK 


MC1747G 

ULN2139M 


MC1439P1 

SN75468J 

MC1413L 


SSS747GM 

MC1747F 


ULN2151D 


MC1741CG 

SN75468N 

MC1413P 


SSS747GP 


MC1747L 

ULN2151G 


MC1741CF 

SN75475P 

MC1472P1 


SSS747L 


MC1747F 

ULN2151H 


MC1741CP2 

SN75475JG 

MC1472U 


SSS747P 


MC1747L 

ULN2151M 


MC1741CP1 

SN75491N 

MC75491P 

' 

SSS1408A-6Z 

MC1408L6 


ULN2156D 


MC1456G 

SN75492N 

MC75492P 


SSS1408A-7Z 

MC1408L7 


ULN2156G 


MC1456G 

SN76O0OP 


MC1306P 

SSS1408A-8Z 

MC1408L8 


ULN2156H 


MC1456G 

SN76O05ND 


MC1384PQ 

SSS1508A-8Z 

MC1508L8 


ULN2156M 


MC1456G 

SN76011ND 


MC1384PQ 

SSS1458J 

MC1458G 


ULN2157A 


MC1458P2 

SN76021ND 


MC1384PQ 

SSS1558J 

MC1558G 


ULN2157H 


MC1458P2 

SN76024ND 


MC1384PQ 

TAA630 


MC1327P 

ULN2157K 


MC1458G 

SN76104N 


MC1310P 

TBA120S 


MC1358P 

ULN2165A 

MC1358P 


SN76105N 


MC1310P 

TBA440 


MC1352P 

ULN2165N 

MC1358PQ 


SN76111N 


MC1310P 

TBA520 


MC1327P 

ULN2209A 


MC1356P 

SN76113N 


MC1310P 

TBA800 


MCI384PQ 

ULN2210A 

MC1310P 


SN76115N 

MC1310P 


TBA810AS 


MC1384PQM 

ULN2224A 

MC1324P 


SN76116N 


MC1310P 

TBA810S 


MC1384PQ 

ULN2228A 


MC1323P 

SN76117N 


MC1310P 

TBA920 


MC1391P 

ULN2244A 


MC1310P 

SN76130N 


MC1303P 

TBA920S 


MC1391P 

ULN2262A 

V 

MC1399P 

SN76131N 


MC1303P 

TBA940 


MC1344P 

ULN2264A 

MC1364P 


SN76149N 


MC1303P 

TBA950 


MC1344P 

ULN2267A - 


MC1323P 

SN76242N 


MC1399P 

TBA990 


MC1327P 

ULN2280A 


MC1384PQ 

SN76243N 


MC1399P 

TBA1190Z 

T8A1190Z 


ULN2285P 


MC1384PQ; 

SN76246N 


MC1323P 

TL022CJG 


MLM358U 

ULN2298A 

MC1398P 


SN76298N 

MC1398P 


TL022CL 


MLM358G 

ULN27410 


MC1741CG 

SN76514L 


MC1496G 

TL022CP 


MLM358P1 

ULN2747A 


MC1747CL 

SN76514N 

MC1496P 


TL022MJG 


MLM158U 

ULS2139D 


MC1539G 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

. Motorola 
. Direct 
Replacement 

Motorola 

Functional 

Equivalent 

Part Np. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

ULS2139G 


MC1539G 

UA556DM 

MC3556L 


UA733HC 

Mei733GG 


ULS2139H 


MC1539L 

UA556PC 

MC3456P 


UA733HM 

MG1733G 


ULS2139M 


MC1439P1 

UA7020C 

MC1712CL 


UA733MJ 

MC1733L 


ULS2151D 


MC1741G 

UA702DM 

MC1712L 


OA733ML 

MG1733G 


ULS2151G. 


MC1741F 

UA702FM 

MC1712F 


UA734DG 


MLM311L 

ULS2151H 


MC1741L 

UA702HC 

MC1712CG 


UA734DM 


MLMlllL 

ULS2151M 


MC1741CP1 

UA702HM 

MC1712G 


UA734HG 


MLM311G 

ULS21560 


MC1556G 

UA702MJ 

MC1712L 


UA734HM 


. MLMlllG 

ULS2156G 


MC1556G 

UA702ML 

MC1712G 


OA739DG 


MG1303P 

ULS2156H 


MC1556G 

UA706APC 


MC1384PQ 

UA739PG 


MG1303P 

ULS2156M 


MC1556G 

UA709ADM 

MC1709AL 


UA740HG 


LF355H 

ULS2157A 


MC1558L 

UA709AFM 

MC1709AF 


UA740HM 


LF155H 

ULS2157H 


MC1558L 

UA709AHM 

MC1709AG 


UA741AOM 


MG1741L 

ULS2157K 


MC1558G 

OA709AMJ 

MC1709AL 


UA741AFM 


MC1741F 

UA0802DC-1 

MC1408L8 


UA709AMJG 

MC1709AU 


'UA741AHM 


MC1741G 

UA0802DC-2 

MC1408L7 


i/A709AML 

MC1709AG 


UA741GJ 

MC1741CL 


UA0802DC-3 

MC1408L6 


UA709CJ 

MC1709CL 


UA741GJG 

MC1741GU 


UA0802DM-1 

MC1508L8 


(/A709CJG 

MC1709GU 


UA741GL 

MC1741GG 


UA0802PC-1 

MC1408P8 


1/A709CL 

MC1709CG 


OA741GN 

MC1741GP2 


OA0802PC-2 

MC1408P7 


OA709CN 

MC1709CP2 


OA741GP 

MC1741GP1 


OA0802PC-3 

MC1408P6 


UA709CP 

MC1709CP1 


OA741DG 

MC1741GL 


oAlOlAD 


MLMIOIAU 

OA709DC 

MC1709CL 


OA741DM 

MG1741L 


uAlOlAF 


MLMIOIAPI 

1/A7090M 

, MC1709L 


UA741EDC 


MG1741L 

uAlOlAH 

MLMIOIAG 


UA709FM 

MC1709F 


UA741EHC 


MC1741G 

UAIOID 


. MLMIOIAU 

UA709HC 

MC1709CG 


OA741FG 

MC1741GF 


UAIOIF 


MLMIOIAPI 

UA709HM 

MC1709G 


OA741FM 

MG1741F 


UAIOIH 

MLMIOIAG 


UA709MJ 

MC1709L 


UA741HG, 

MC1741CG 


UA102M 

MLMllOG 


UA709MJG 

MC1709U 


UA741HM 

MC1741G 


UA104HM 

MLM104G 


UA709ML 

MC1709G 


UA741MJ 

MG1741L 


uAlOSHM 

MLM105G 


OA709TC 

MC1709CP1 


UA741MJG 

NC1741U 


UA107H 

MLM107G 


UA709PC 

MC1709CP2 


UA741ML 

MC1741G 


UA108AD 

MLM108AL 


UA710CH 

MC1710CF 


UA741RC 

MC1741CU 


UA108AF 

MLMIOSAF 


UA710DC 

MC1710CL 


UA741RM 

NC1741U 


UA108AH 

MLIVIIOSAG 


UA710DM 

MC1710L 


UA741PC 

MC1741GP2 


UA108D 

MLMm 


UA710FM 

MC1710F 


UA741TC 

MC1741GP1 


UA108F 

MLM108F 


UA710HC 

MC1710CG 


UA742DC 


CA3059 

UA108H 

MLM108G 


OA710HM 

MC1710G 


OA746DC 


MG1323P 

UA109KM 

IVILM109K 


UA710PC 

MC1710CP 


UA746HC ' 


MG1323P 

uAllOM 

MLMllOG 


UA7110C 

MC1711CL 


UA747ADM 


MG1747L 

UA201AD 


MLM201AU 

UA711DM 

MC1711L 


UA747AHM 


MG1747G 

UA201AF 


MLM201AP1 

UA711FM 

MC1711F 


UA747CJ 

MC1741GL 


UA201AH . 

MLM201AG 


UA711HC 

MC1711CG 


UA747GL 

MC1747GG 


UA201D 


MLM201AU 

UA711HM 

MC1711G 


UA747GN 

MC1747GP2 


UA201F 


MLM201AP1 

UA711PC 

MC1711CP 


UA747DC 

MC1747GL 


UA201H 

MLM201AG 


OA715DC 


MC1741SCL 

UA747DM 

MC1747L 


UA207H 

MLM207G 


UA715DM 


MC1741SL 

UA747EDC 

MC1747GGBM 


i/A208AD 

MLM208AL 


yA715HC 


MC1741SCG 

yA747EHC 

MC1747CICM 


UA208AF 

MLM208AF . 


UA715HM 


MC1741SG 

UA747HC 

MC1747GG 


UA208AH 

MLM208AG 


UA723CJ 

MC1723CL 


UA747HM 

MC1747G 


UA2080 

MLM208L 


UA723CL 

MC1723CG 


UA747MJ 

MG1747L 


UA208F 

MLM208F 


UA723CN 

MC1723CP 


OA747ML 

MC1747G 


UA208H 

MLM208G 


UA723DC 

MC1723CL 


UA747PG • 

MC1747GP2 


OA209KM 

MLM209K 


1/A723DM 

MG1723L 


UA748AFM 


MG1748F 

OA301A0 


MLM301AU 

UA723HC 

MG1723GG 


OA748AHM 


MG1748G 

UA301AH 

MLM301AG 


UA723HM 

MG1723G 


UA748CJ 

MC1748CL 


UA301AT 

MLM301AP1 


UA723MJ 

MC1723L 


UA748CJG 

MC1748GU' 


yA302C 

MLM310G 


WA723ML 

MCI723G 


yA748CL 

MC1748CG 


UA304HC 

MLM304G 


i;A723PC 

MC1723CP 


OA748CN 

MC1748GP2 


OA305AHC 


MLM305G 

UA725AHM 


MLM108AG 

OA748CP 

MC1748GP1 


UA305HC 

MLM305G 


i;A725EHC 


MLM308AG 

UA748DG 

MC1748GL 


UA307H 

MLM307G 


UA725HC 


MLM308AG 

UA7480M 

MG1748L 


UA307T 

MLM307P1 


i;A725HM- 


MLM108AG 

UA748FM 

MG1748F 


UA308AD 

MLM308AL 


OA727HC 


MC1420G 

UA748HC 

MC1748GG 


UA308AH 

MLM308AG 


UA727HM 


MC1520G 

UA748HM 

MC1748G 


UA308D 

MLM308L 


UA730HC 


MC1420G 

OA748MJ 

MC1748L 


OA308H 

MLM308G 


UA730HM 


MG1520G 

UA748MJG 

MC1748U 


OA309KC 

MLM309K 


UA732DC 


MC1310P 

yA748ML 

NC1748G 


UA310CH 

MLM310G 


UA732PC 


MG1310P 

OA748TG 

MC1748GP1 


UA311T 

MLM311P1 


UA733CJ 

MG1733GL 


UA749DG 


MG1435L 

UA376TC 


MLM305G 

OA733CL 

MG1733CG 


UA749DHG 


MG1435G 

uA555rtC 

MC1455G 


UA733CN 

MG1733GP 


UA749DM 


MG1535L 

OA555HM 

MC1555G 


UA733DC 

MG1733CL 


UA749HG 


MG1435G 

UA555TC 

MC1455P1 


UA733DM 

MG1733L 


UA749PG 


MG1303P 

OA556DC 

MC3456L 


UA733FM 

MGI733F 


UA753TC 


MG1356P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

oA754He 


MC1355P 

UA3075PC 

MG1375P 


UA78L12WG 

MC78L12GP 


UA754TC 


MC1355P 

UA3086DM 

MG3386P 


UA78L15ACJG 


MG78L15AGG 

UA7570C 


MC1350P 

UA3301P 

MC3301P 


UA78L15AGLP 

MG78L15ACP 


OA757DM 


MC1350P 

UA3302P 

MC3302P 


UA78L15AHC 

MC78L15ACG , 


UA758DC 


MC1310P 

UA3303P 

MC3303P 


UA78L15AWC 

MG78L15AGP 


UA758PC 


MGiSlOP 

UA3401P 

MC3401P 


UA78L15CJG 


MG78L15CG 

UA767DC 


MC1310P 

OA34030 

MC3403L 


OA78L15GLP 

MC78L15GP 


UA767PC ' 


MC1310P 

i;A3403P 

MG3403P 


UA78L15HG 

MC78L15GG 


utKin 


MC1741S 

UA4136DC 


MG4741CL 

UA78L15WG 

MC78L15GP 


UA775DC 

MLM339L 


UA41360M 


MG4741L 

OA78L26AWC 

MG7802AGP 


UA775DM 

MLM139L 


UA4136PC 


MG4741GP 

UA78MGHG 


LM317H 

UA775PC 

MLM339P 


UA4558HC 

MG4558GG 


UA78MGT2C 


LM317T 

utKimc, 


MC1776CG 

UA4558HM 

MC4558G 


i;A78M6UiG 

' 

LM317T 

UA7760M 


MC1776G 

UA4558TC 

MC4558CP1 


UA78M05CKC 

MG78M05Ct 


OA776HC 

MC1776CG 


UA7805CKC 

MC7805CT 


UA78M05HC 

MC78M05GG 


UA776HM 

MC1776G 


UA7805KC 

MG78d5GK 


UA78M05HM 


MG78M05CG 

UA776TC 

MC1776CP1 

• 

UA7805KM 


MG7805GK 

UA78M05UG 

MC78M05GT 


UA777CJ 


MLM308AU 

UA7805UC 

MG7805GT 


UA78M06GKC 

MG78M06GT 


utomiG 


MLM308AU 

UA7806CKC 

MC7806CT 


UA78M06HC 

MC78M06GG 


ufdlKL 


MLM308AG 

UA7806KC 

MC7806GK 

,1 

UA78M06HM 


MG78M06CG 

UA777CN 


MLM308AP1 

UA7806KM 


MC7806CK 

UA78M06UC 

MC78M06CT 


uumcp 


MLM308AP1 

UA7806UC 

MG7806GT 


UA78M08GKG 

MG78M08CT 


UA777DC 


MLM308AU 

UA7808CKC 

MG7808GT 


UA78M08HG 

MG78M08CG 


UA777HC 


MLM308AG 

UA7808KC 

MG7808GK 


UA78M08HM 


MG78M08CG 

uKinm 


MLM108AU 

UA7808KM 


MC7808CK 

UA78M08UC 

MC78M08GT 


UA777MJG 


MLM108AU 

UA7808UC 

MG7808GT 


UA78M12GKC 

MC78M12CT 


UA777ML 


MLM108AG 

UA7812CKC 

MG7812CT 


UA78M12HC 

MC78M12CG 


UA777TC 


MLM308AP1 

UA7812KC 

MG7812GK 


UA78M12HM 


MC78M12CG 

UA780DC 


MC1399P 

UA7812KM 


MG7812CK 

UA78M12UC 

MC78M12CT 


UA780PC 


MC1399P 

(yA7812UC 

MG7812CT 


UA78M15GKC 

MC78M15GT 


1/A7810C 


MC1399P 

UA7815CKC 

MC7815CT 


UA78M15HC 

MG78M15CG 


1/A781PC 


MC1399P 

OA7815KC 

MC7815CK 


UA78M15HM 


MC78M15CG 

UA786DC 


MC1327P . 

UA7815KM 


MC7815CK 

UA78M15UG 

MC78M15CT 


UA787PC 


MC1399P 

UA7815UC 

MG7815GT 


UA78M18HC 

IVIC78M18CG 


UA791KC 


MC1438R 

UA7818CKC 

MC7818GT 


UA78M18HM 


MC78M18CG 

UA791KM 


MC1538R 

UA7818KC 

MC7818CK 


UA78M18UG 

MC78M18CT 


UA791P5 


MC1438R 

UA7818KM 


MG7818GK 

UA78M20GKC 

MC78M20CT 


UA796HC 

MC1496G 


UA7818UC 

MG7815GT 


UA78M20HG 

MC78M20CG 


UA796HM 

MC1596G 


UA7824CKC 

MC7824GT 


UA78M20HM 


MG78M20GG 

1/A796DC 

MC1496L 


UA7824KC 

MC7824CK 


UA78M20UG 

MC78M20CT 


UA796DM 

IVIC1596L 


UA7824KIVI 


MC7824CK 

UA78M24CKG 

MC78M24GT 


UA798HC 

MC3458G 


UA7824UC 

MG7824GT 


UA78M24HC 

MC78M24GG 


UA798HM 

MC3558G 


UA78GHM 


LM117K 

OA78M24HM 


MG78M24GG 

OA798RC 

MC3458U 


UA78GKC 


LM117K 

OA78M24UC 

MC78M24CT 


UA798RM ' 

MC3558U 


OA78GKM 


LM117K 

OA7902KC 

MC7902K 


UA798TC 

MC3458P1 


UA78GU1C 


LM317T 

UA7902KM 


MG7902K 

UA799HC 


MC1741G 

UA78H05KC 


MG7805GK 

UA7902UC 

MG7902CT 


UA799HM 


IVIC1741G 

UA78L02ACJG 


MG78L02AGG 

UA7905KG 

MG7905GK 


UA1312PC 

IVIC1312P 


UA78L02ACLP 

MC78L02ACP 


UA7905KM 


MC7905CK 

UA1-314PC 

IVIC1314P 


UA78L02CJG 


MC78L02CG 

UA7905UC 

MG7905GT 


UA1315PC 

MC1315P 


OA78L02CLP 

MC78L02GP 


UA7906KG 

MG7906CK 


OA1391PC 

MC1391P 


OA78L05ACJG 


MG78L05AGG 

UA7906KM 


MG7906GK 

UA1394PC 

MC1394P 


UA78L05ACLP 

MC78L05AGP 


UA7906UG 

MC7906GT 


uAMSSCHC 

MC1458CG 


uA78L05AHC 

MC78L05AGG 


UA7908KC 

MG7908CK 


UA1458CP 

MC1458CP1 


UA78L05AWC 

MG78L05ACP 


UA7908KM 


MG7908GK 

1/A1458CRC 

MC1458CU 


UA78L05CJ6 


MC78L05GG 

OA7908UG 

MG7908GT 


OA1458CTC 

MC1458CP1 


UA78L05CLP 

MC78L05CP 


UA7912KC 

MC7912GK 


UA1458E 

MC1458G 


UA78L05HC 

MG78L05GG 


UA7912KM 


MC7912GK 

UA1458HC 

MC1558G 


UA78L05WC 

MC78L05GP 


OA7912UC 

MC7912CT 


UA1458P 

MC1458P1 


OA78L06ACJG 


MC78L06AGG 

UA7915KG 

MG7915GK 


OA1458RC 

MC1458U 


OA78L06ACLP 

MG78L06ACP 


UA7915KM 


MC7915GK 

OA1458TC ' 

MC1458P1 


UA78L06CJG 


MG7k06GG 

UA7915UG 

MG7915CT 


UA1558E 

MC1558G 


UA78L06GLP 

MG78L06GP 


UA7918GKC 

MC7918CT 


OA1558HM 

MC1558G 


UA78L08ACJG 


MG78L08AGG 

UA7918KG 

MC7918GK 


UA2136PC 

MC1356P 


UA78L08ACLP 

MC78L08ACP 


UA7918KM- 


MC7918CK 

OA2240DC 


MC1455U 

t7A78LQ8CJG. 


MG78L08GG 

UA7918UG 

MC7918CT 


OA22400M 


MC1555G 

UA78L08CLP 

MG78L08GP 


OA7924CKC 

MG7924GT 


OA2240PC 


MC1455P1 

UA78L12ACJG 


MC78L12AGG 

UA7924KC 

MC7924GK 


uA§026HM 


CA3054 

UA78L12ACLP 

MG78L12AGP 


UA7924KIVI 


MG7924CK 

UA3045 


MC3346P 

UA78L12AHG 

MG78H2AG6 


UA7924UG 

MG7924GT 


OA30460C 

MC3346P 


UA78L12AWC 

MG78L12AGP 


UA79L05AHG 

MG79L05ACG 


UA30540C 

CA3054P 


UA78L12CJG 


MC78L12CG 

UA79L05AWC 

MG79L05ACP 


OA3064PC 

MC1364P 


UA78L12CLP 

MG78L12GP 


UA79L05HG 

MG79L05GG 


OA3065PC 

MC1358P 


UA78L12HC. 

MG78L12GG 


UA79L05WC 

MC79L05CP 



MOTOROLA S&miconductor Products Inc. 
















LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


p—-^- 

Part No: 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Replacement 

Motorola 

Functional 

Equivalent 

Part No. 

Motorola 

Direct 

Repiacemeiit 

Motorola 

Functional 

Equivalent 

UA79L12AHC 

MC79L12ACG 


(/A79M08CKC 

MC7908CT 


UA8T13DC 

MC8T13L 


OA79L12AWC 

MC79L12ACP 


UA79M08HM 


MC7908CK 

UA8T13PC 

MC8T13P 


UA79L12HC 

MC79L12CG 


UA79M08UC 


MC7908CT 

OA8T14DC 

MC8T14L 


UA79L12WC 

MC79L12CP 


OA79M12AHM 


MC7912CK 

UA8T14PC 

MC8T14P 


UA79L15AHC 

MC79L15ACG 


UA79M12AUC 


MC7912CT 

UA8T23DC 

MC8T23L 


UA79L15AWC 

MC79L15ACP 


UA79M12CKC 

MC7912CT 


UA8T23PC 

MC8T23P 


UA79L15HC 

MC79L15CG 


UA79M12HM 


MC7912CK 

UA8T24DC 

MC8T24L 


UA79L15WC 

MC79L15CP 


UA79M12UC 


MC7912CT 

UA8T24PC 

MC8T24P 


i;A79M05AHM 


MC7905CK 

UA79M15AHM 


MC7915CK 

UAF155AHM 

LF155AH 


UA79M05AUC 


MC7905CT 

OA79M15AUC 


MC7915CT 

UAF155HM 

LF155H 


OA79M05CKC 

MC7905CT 


UA79M15CKC 

MC7915CT 


UAF156AHM 

LF156AH 


UA79M05HM 


MC7905CK 

OA79M15HM 


MC7915CK 

UAF156HM 

LF156ri 


OA79M05UC 


MC7905CT 

UA79M15UC 


MC7915CT 

UAF157AHM 

LF157AH 


OA79M06AHM 


MC7906CK 

UA79M18AHM 


MC7918CK 

UAF157HM 

LF157H 


UA79M06AUC 


MC7906CT 

UA79M18AUC 


MC7918CT 

UAF355AHC 

LF355AH 


OA79M06CKC 

MC7906CT 


UA79M18HM 


MC7918CK 

UAF355HC 

,LF355H 


UA79M06HM 


MC7906CK 

UA79M18UC 


MC7918CT 

UAF356AHC 

LF356AH 


UA79M06UC 


MC7906eT 

UA79M24AHM 


MC7924CK 

UAF356HC 

LF356H 


UA79M08AHM 


MC7908CK 

UA79M24AUC 


MC7924CT 

UAF357AHC 

LF357AH 


UA79M08AUC 


MC7908CT 

UA79M24HM 


MC7924CK 

UAF357HC 

LF357H 



MOTOROLA Semiconductor Rroducta Inc. 
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THE MOTOROLA 
MIL-M-38510 PROGRAM 


Motorola, a pioneer in the manufacture oi high-reliability integrated 
circuits*, now offers you a two-way program for MIL-M-38510 products. 

1. A growing line of JAN-QUALIFIED integrated circuits. 

2. An extensive program to supply MIL-M-38510 PROCESSED de¬ 
vices that approaches the Qualified Reliability goals without the 
delay time and high cost of the actual qualification program. 

Motorola stocks many circuits which meet JAN-QUALIFIED specifi¬ 
cations, and is actively persuing an expansion of this qualification listing 
with product in all 1C categories — encompassing Bipolar Digital, Linear 
and MOS technologies. 

Motorola 38510 PROCESSED products complement JAN- 
QUALIFIED products by making available hi-rel versions of nearly all 
Motorola full-temperature range circuits, while adding the advantage of 
hi-rel standardization. 


THE MOTOROLA MIL-M-38510 PROGRAM 
OFFERS YOU THESE BENEFITS: 

1. Standardization of environmental and electrical test procedures. 

2. Less specification writing required. 

3. Less time required in negotiating specifications. 

4. Fast delivery. 

5. Lower costs. 


‘Motorola, in early 1971, was the first company to be qualified as a MIL-M-38510 approved facility by 
the Defense Electronics Supply Center of DOD. 





MIL-M-38510 JAN-QUALIFIED PRODUCT 

SCREENING LEVELS 

Class A Class B Class C 

JAN-QUALIFIED DEVICE MARKINGS 

APPLIES TO ALL TYPES OF INTEGRATED CIRCUITS 

JM38510/XXXXXAYY JM38510/XXXXXBYY JM38510/XXXXXCYY 


FEATURES: 

1. Manufactured in a government-approved 
facility. 

2. G.S.I. (Government Source Inspection) 
provided upon request. 


HOW TO ORDER MIL-M-38510 JAN-QUALIFIED PRODUCT 

Basic Numbering Parameters — Example: JM38510/XXXXXYYY 


Y Y 

T ^ 

CASE LEAD 

OUTLINE FINISH 

(SEE CASE (SEE LEAD 

OUTLINE TABLE) FINISH TABLE) 


CASE OUTLINE TABLE 

A — Va" X Va” flat pack, 14-pin 
C — Va” X 3 / 4 " dual-in-line, 14-pin 
E — Va” X 3 / 4 " dual-in-line, 16-pin 
F — Va” X 3/8" flat pack, 16-pin 
G — 8-lead can 

H — Va” X Va" flat pack, 10-lead 
I — 10-lead can 

J —■V 2 ” X 1V 4 " dual-in-line, 24-pin 
K — 3/g" X 1 / 2 " flat pack, 24-pin 
X — 3-lqad can 
Y — 2-lead power can 



J M38510 /XXX XX Y 
I—^ r—^ i—^ 

INDICATES A MILITARY DETAIL DEVICE TYPE CLASS A, B, OR C 

QUALIFIED DESIGNATOR SPECIFICATION WITHIN DETAIL (SEE DEVICE 

DEVICE NUMBER . SPECIFICATION CLASS TABLE) 









MIL-M-38510 PROCESSED PRODUCT 


Class A 


SCREENING LEVELS 

Class B Class D 


Class C 


PROCESSED DEVICE MARKINGS 

APPLIES TO ALL TYPES OF INTEGRATED CIRCUITS 

MC38510/XXXXAYYM MC38510/XXXXBYYM MC38510/XXXXPYYM MC38510/XXXXCYYM 
MC38510/XXXXAYYS MC38510/XXXXBYYS MC38510/XXXXDYYS MC38510/XXXXCYYS 


FEATURES: 

1. Lower cost than JAN-QUALIFIED. 

2. Devices manufactured using design and 
processing guidelines contained in 
MIL-M-38510. 

3. Product supplied with Motorola standard data 
sheet electricals (“S” suffix) or MIL-M-38510 
electricals (“M” suffix). 

4. G.S.I. (Government Source Inspection) 
provided upon request. 



HOW TO ORDER MlL-M-38510 PROCESSED PRODUCT 

Basic Numbering Parameters — Example: MCXXXXYYYS or M 

MCXXXX Y Y Y S or M 


MOTOROLA 
DEVICE TYPE 


CLASS A, B, C, OR D 
(SEE DEVICE 
CLASS TABLE) 


CASE OUTLINE 
(SEE CASE 
OUTLINE TABLE) 


LEAD FINISH 
(SEE LEAD 
FINISH TABLE) 


S = MOTOROLA DATA SHEET ELECTRICALS 
M = JAN SLASH SHEET ELECTRICALS 


CASE OUTLINE TABLE I 

A — 

1 / 4 " X V 4 '' flat pack, 14-pin 

C — 

1 / 4 " X %" dual-in-line, 14-pin 

E — 

V 4 " X %" dual-in-line, 16-pin 

F — 

y4" X W flat pack, 16-pin 

G — 

8-lead can 

H — 

Va" X Va" flat pack, 10-lead 

I — 

10-lead can, pin 10 at tab 

J — 

Vz" X V/a" dual-in-line, 24-pin 

K — 

X Vz" flat pack, 24-pin 

X — 

3-lead can 

Y — 

2-lead power can 

*3- 

-8-lead dual-in-line 

*8 - 

-10-lead can, pin 1 at tab 

*9- 

-10-lead tall can 

*R- 

-9-lead power can 

I * Linear processed devices only. | 


LEAD FINISH TABLE 

A — Kovar or Alloy 42, with hpt 
solder dip 

B — Kovar or Alloy 42, with 
acid tin plate 

C — Kovar or Alloy 42, with 
gold plate 

X — Any of,the above, for 
ordering purposes only. 








In recognition of the fact that the level of screening 
has a direct impact on the cost of the product, as well as 
its quality and reliability, four standard levels of screen¬ 
ing are provided to coincide with four device classes, or 
levels of quality assurance. 

Flexibility is provided in the choice of test coriditions 
and stress levels, to provide screens tailored to a partic¬ 


ular product or application. Selection of a level better 
than that required for the specific product and applica¬ 
tion will result in unnecessary expense. A level less 
than that required may result in a risk that reliability 
requirements will not be met. For general hi-rel applica¬ 
tions, the Class B or D screening levels should be con¬ 
sidered. 


DEVICE CLASS TABLE 


Internal Visual (Precap) 


stabilization Sake 


Temperature Cycling 


Constant Acceleration 


Seal (a) Pine 
(b) Gross 


Serialization 


Interim Electrical 
Parameters 


Interim Electrical 
Parameters 


Reverse Bias Burn-in 


Interim Electrical 
Parameters 


Seal (a) Fine 
(b) Gross 


Final Electrical Tests 

(a) Static tests 

(1) 25°C (subgroup 1, 
table 1, 5005) 

(2) Max. and min. rated 
Operating temp, 
(subgroups 2 and 3, 
table 1, 5005) 

(b) Dynamic tests and/or 
switching tests @ 25°C 
(subgroup 4 and 9, 
tabie 1, 5005) 

(c) Functional test @ 25'’C 
(subgroup 7, table 1, 
5005) 


Radiographic 


Qualification or Quality 
Conformance Inspection 



Per applicable 
device 

specification’ 


1015 

240 hrs @ 
125°C min. 


Per applicable 
device 

specification’ 


1015 Condition A 
or C 72 hrs 
at 150°C min. 


Per applicable 
device 

specification’ 


1014 


Per applicable 
device 

specification’ 



CLASS B 


METHOD 


E33i!!l 



2010 Condition 
B and 38510 


1008, 24 hrs 
min. test 
Condition C 


1010 Condition C 


2001 Condition E 
(min.) Yi plane 


1014 100% 


Per applicable 
device 

specification’ 


1015 

160 hrs @ 
125°C min. 



Per applicable . 
device 

specification’ 


Per applicable 
device 

specification’ 


CLASS 


METHOD 


1015 

160 hrs @ 
125°C min. 


Per applicable 
device 

specification’ 


mmmi 


CLASS C 


METHOD 


2010 Condition 
B and 38510 


1008, 24 hrs 
min. test 
Condition C 


1010 Condition C 


2001 Condition E 
(min.) Y1 plane 


1014 


2010 Condition 
Band 38510 


1010 Condition C 100% 







Sample 5005 
per Class B 
38510* 


5005 

Class 

Sample 

per 

38510* 

2009 

100% 




' For MIL-M-38510 PROCESSED product only. 

’ MIL-M-3S510 QUALIFIED product is tested per applicable 38510 detail specification. MIL-M-38510 PROCESSED product is tested per applicable 38510 detail 
specification ("M" suffix), or per the Motorola standard data sheet electrical specification (“S" suffix), 

’ When specified in the applicable device specification 100% of the devices shall be tested. 

* For MIL-M-38510 PROCESSED product. Group A Is performed per 5005 and Groups B, C, and D are available upon request. 
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LINEAR INTEGRATED CIRCUIT 

CHIPS 


Most of the linear integrated circuit devices in this Data Book are available in chip form. Many 
are offered in two options — conventional (face up bonding) and fUp-chip versions. Motorola offers 
many standard linear chips from warehouse stock either directly from the factory or through fran¬ 
chised distributors. In addition, custom linear 1C chips maybe designed and to meet a specific need. 

Specific information on chip processing, testing, and handling can be obtained in the Chips Data 
Book (Volume 8 of the Motorola Semiconductor Data Library/ 


LINEAR CHIP FORMATS 


Conventional Chips encompass by far the greatest number 
of available linear IC chips. These silicon chips use gold back¬ 
side metalization for easy eutectic bonding to the metalized 
area of hybrid assemblies. The interconnecting metalization 
and bonding pad areas are formed from evaporated aluminum. 
Either gold or aluminum wire may be employed for connection 
between op-chip bonding pads and the external circuit. 



Flip-chips can be mounted to a hybrid substrate in a single 
operation. 

Connection to the substrate bonding pads is made by means 
of raised "solder bumps" that protrude above the chip surface 
at the integrated-circuit bonding pads. The devices are mounted 
to the substrate metalization areas circuit side down by means 
of conventional reflow solder techniques. 















































































OPERATIONAL AMPLIFIERS 


Temperature Range 

0to70°C -55to1250C Other Page 

LF355,A LF155^ — Monolithic JFET Operational Amplifier , .......... 3-7 

LF356,A LF156,A — Monolithic JFET Operational Amplifier . ..3-7 

LF357,A LF157,A — Monolithic JFET Operational Amplifier . ..3-7 

MC1420 MC1520 — Differential Output Operational Amplifier. ......... 3-12 

MC1430 MCI 530 — General Purpose Operational Amplifier ..3-16 

MC1431 MC1531 — Darlington Input Operational Amplifier..3-16 

MC1433 MC1533 — General Purpose Operational Amplifier ..3-20 

MC1435 MCI 535 — Dual Operational Amplifier.3-25 

MC1436,C MCI536 — High Voltage Operational Amplifier.3-30 

MC1437 MC1537 - Dual MCI 709 Operational Amplifier. .. 3-34 

MC1439 MCI 539 — High Slew Rate Operational Amplifier.3-38 

MC1456,C MCI556 — High Performance Operational Amplifier.3-46 

MC1458,C MC1558 — Dual MCI 741 Operational Amplifier.3-52 

MC1458N MC1558N — Low Noise Dual Operational Amplifier..3-52 

MC1458S MC1558S — High Slew Rate Dual Operational Amplifier.3-57 

MC1709C MC1709,A — General Purpose Operational Amplifier.. 3-63 

MC1712C MC1712 - Wideband DC Ampiifier..3-67 

-MCI741C MCI 741 — General Purpose Operational Amplifier.3-72 

MCI741NC MCI 741N — Low Noise Operational Amplifier.3-72 

MCI741 SC MCI 741S — High Slew Rate Operational Amplifier.. 3-77 

MC1747C MCI 747 - Dual MCI741 Operational Amplifier.3-83 

MC1748C MCI 748 — General Purpose Operational Amplifier ..3-87 

MC1776C MCI 776 — Programmable Operational Amplifier. ..3-91 

— — MC3301 Quad Operational Amplifier.. 3-100 

MC3401 — — Quad Operational Amplifier. . .. 3-108 

MC3403 MC3503 MC3303 Quad Differential Input Operational Amplifier.. 3-116 

MC3458 - MC3558 MC3358 Dual Operational Amplifier ... 3-122 

MC3471 MC3571 — Quad FET Input Operational Amplifier ..3-128 

MC3476 — — Programmable Operational Amplifier. ............ 3-130 

MC4202C — — Programmable Quad Operational Amplifier.3^134 

MC4558C MC4558 — Dual High Frequency Operational Amplifier ..3-138 

MC4741C MC4741 - Quad MCI 741 Operational Amplifier.3-140 

MLM301A MLM101A MLM201A General Purpose Operational Amplifier ..3-146 

MLM307 MLM107 MLM207 General Purpose Operational Amplifier. 3-150 

MLM308,A MLM108,A MLM208,A Precision Operational Amplifier. . .. . 3-154 

MLM310 MLM110 MLM210 Unity Gain Operational Amplifier.3-159 

MLM324 MLM124 MLM224 Quad Operational Amplifier. .. 3-161 

MLM358 MLM158 MLM258 Dual Operational Amplifier. 3-167 

— — MLM2902 Quad Operational Amplifier. . .3-173 
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Single Operational Amplifiers 

NONCOMPENSATED 


Devices listed in ascending order of price 


'iB 

VlO 

^^VIO 

*10 

^vol 

BW(Av=1) 

SR(Av=1) 

Supply Voltage 




uA 

mV 

uV/°C 

nA 

V/V 

MHz 

V/us 

V 




max 

max 

typ 

max 

min 

typ 

typ 

min max 

Description 

Device 

Packages 


Military Temperature Range (-55°C to +125°C) 


.5 

5 

15 

200 

25K 

1 

.3 

±3. 

±18 

General Purpose 

MCI 709 

601,606, 

632, 693 

.5 

5 

15 

200 

50K 

1 

.5 

±3 

±22 

General Purpose 

MCI 748 

601, 693 

.075 


10 

10 

50K 

1 

.5 

+3 

±22 

General Purpose 

MLM101A 

601, 693 

.5 

WM 

15 

60 

50K 

2 

4.2 

±4 

±18 

High Slew Rate 

MC1539 

601, 632 

5 

m 

15 

500 

2.5K 

7 

1.5 . 

+12 

-6 

+12 

-6 

Wideband DC 
Amplifier 

MC1712 

601, 606, 

632 

1 

B 

15 

150 

40K 

.8 

2.0 

±4 

±20 

General Purpose 

MC1533 

602B, 606, 

632 

2 

10 

15 

100 

IK 

10 

5.0 

±4 

±8 

Differential Output 

MCI 520 

602A, 606 

.6 

3 

5 

100 

25K 

1 

.5 

±3 

±18 

High Performance 
MCI 709 

MCI 709A 

601,606, 

632 

.002 

2 

3 

.2 

50K 

1 

.3 

+3 

±20 

Precision 

MLM108 

601, 606, 693 

10 

5 

15 

2000 

4.5K 

3 

1.0 

±4 

±9 

General Purpose 

MC1530 

602B, 606, 

632 

15 

10 

15 

25 

2.5K 

2 

1.0 

±4 

±9 

General Purpose 
(Darlington Input) 

MC1531 

602B, 606, 

632 

.002 

.5 

1 

.2 

80K 

1 ■ 

.3 

±3 

±20 

Precision 

MLM108A 

601, 606, 

693 


Industrial Temperature Range (0°C to +70°C) 


.25 

7.5 

10 

50 

25K 

■■ 

.5 

±3 

±18 

General Purpose 

LM301A 

601, 626 

693 

.5 

6 

15 

200 

20K 


.5 

±3 

±18 

General Purpose 

MCI 748C 

601, 626 

693 

1.5 

7.5 

15 

500 

15K 

■ 

.3 

±3 

±18 

General Purpose 

MC1709C 

601, 606, 

626, 632, 

646, 693 

7 

7.5 

15 

1 

25K 

o 

.3 

±3 

±18 

Precision 

LM308 

601, 606, 

626, 693 

7.5 

5 

15 

2000 

2K 

H 

1.5 

+12 

-6 

+12 

-6 

Wideband DC 
Amplifier 

MC1712C 

601,606, 

632 

4 

15 

15 

200 

750 


5.0 

±4 

±8 

Differential Output 

MCI420 

602A, 606 

1 

7.5 

15 

100 

15K 

H 

4.2 

±6 

±18 

High Slew Rate 

MCI 439 

601, 626, 

632, 646 

2 

7.5 

15 

50 

30K 

.8 

2.0 

±4 

±18 

General Purpose 

MC1433 

602B, 606, 

632, 646 

7 

.5 

5 

1 

80K 

■ 

.3 

±3 

±18 

Precision 

LM308A 

601, 606, 

626, 693 

15 

10 

15 

4000 

3K 


1.0 

±4 

±8 

General Purpose 

MCI 430 

602B, 606, 

632, 646 

.3 

15 

15 

100 

1.5K 

■ 

1.0 

±4 

±8 

General Purpose 
(Darlington Input) 

MC1431 

602B, 606, 

632, 646 
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Single Operational Amplifiers 

INTERNALLY COMPENSATED 


Devices listed in ascending order of price 


'iB 

^10 

^^VIO 

'lO 

^vol 

BW(Av=1) 

SR(Av=1) 

Supply Voltaqe 




uA 

mV 

t/V/°C 

nA 

v/v 

MHz 

V/os 

V 




max 

max 

typ 

max 

min 

typ 

typ 

min max 

Description 

Device 

Packages 


Military Temperature Range (-55°C to +125°C) 


.5 

5 

15 

200 

50K 

1 

.5 

±3 

±22 

General Purpose 

MCI 741 

601, 606, 
632, 693 

.20 



3000 

90 

90 


±4 

±8 

Differential Wide¬ 
band Video Amp 

MCI 733 

603, 632 

.5 

5 

15 

200 

50K 

1 

.5 

±3 

±22 

Low lv|oise 

MCI 741N 

601, 606 
632, 693 

.5 

5 

15 

200 

50K 

1 

10 

±3 

±22 

High Slew Rate 

MC1741S 

601, 632, 
693 

.075 

2 

10 

10 

50K 

1 

.5 

±3 

±22 

General Purpose 

MLM107 

601, 693 

.003 

4 

12 

- 

Unity 

20 

30 

±3 

±18 

Unity Gain 

MLM110 

601 

.015 

4 

10 

2 

100K 

1 

2.5 

±3 

±22 

High Performance 

MCI 556 

601, 632 

.0075 

5 

15 

3 

200K 

1 

.2 

±1.5 

±18 

t/Power Program¬ 
mable 

MCI 776 

601, 632 

.02 

5 

10 

3 

100K 

1 

2.0 

±15 

±40 

High Voltage 

MCI 536 

601 

lOOpA 

5 

5 

20pA 

50K 

1 

5 

±5 

±22 

FET Input 

LF155 

601* 

lOOpA 

5 

5 

20pA 

50K 

2 

15 

±5 

±22 

FET Input 

LF156 

601* 

lOOpA 

5 

5 

20pA 

50K 

3 

75 

±5 

±22 

Wideband FET Input 

LF167 

601* 

50pA 

2 

3 

lOpA 

50K 

1 

5 

±6 

±22 

FET Input 

LF155A 

601* 

50pA 

2 

3 

lOpA 

50K 

2 

15 

±5 

±22 

FET Input 

LF156A 

601* 

50pA 

2 

3 

lOpA 

50K 

3 

76 

±6 

±22 

Wideband FET Input 

LF157A 

601* 


*This Circuit to be Introduced 


Industrial Temperature Range (0°C to +70°C) 


.5 

6 

15 

200 

20K 

10 

.5 

±3 

±18 

General Purpose 

MCI 741C 

601, 632, 
626, 646, 
693 

.25 

7.5 

10 

50 

25K 

1.0 

.5 

±3 

±18 

General Purpose 

MLM307 

601, 626, 
693 

30 



5000 

80 

90 


±4 

±8 

Differential Wide¬ 
band Video Amp 

MC1733C 

601, 632, 
646 

.05 

6 

15 

25 

50K 

1.0 

.2 

±1.5 

±18 

Low Cost uPower, 
Programmable 

MC3476 

601, 626 

.5 

6 

15 

200 

20K 

1.0 

.5 

±3 

±18 

Low Noise 

MCI 741NC 

601, 632, 
626, 646, 
693 

.5 

6 

15 

200 

20K 

1.0 

10 

±3 

±18 

High Slew Rate 

MCI 741 SC 

601, 632, 
626, 646, 
693 

.007 

7.5 

12 


Unity 

20.0 

30 

±3 

±18 

Unity Gain 

MLM310 

601 

.003 

6 

15 

3 

100K 

1.0 

.2 

±1.5 

±18 

t/Power, Program¬ 
mable 

MC1776C 

601 

.03 

10 

12 

10 

7QK 

1.0 

2.5 

±3 

±18 

High Performance 

MCI 456 

601, 632 

.04 

10 

12 

10 

70K 

1.0 

2.0 

±15 

±34 

High Voltage 

MCI 436 

601 

200pA 

.10 

5 

50pA 

50K 

1.0 

5 

±5 

±18 

FET Input 

■VacppH 

601* 

200pA 

10 

5 

50pA 

50K 

2.0 

15 

±5 

±18 

FET Input 


601* 

200pA 

10 

5 

50pA 

50K 

3.0 

76 

±5 

±18 

Wideband FET 
Input 


601* 

50pA 

2 

1 

lOpA 

50K 

1.0 

5 

±5 

±18 

FET Input 

LF355A 

601* 

50pA 

2 

1 

lOpA 

^OK 

2.0 

15 

±5 

±18 

FET Input 

LF356A 

601* 

50pA 

2 

1 

lOpA 

50K 

3.0 

75 

±5 

±18 

Wideband FET Input 

LF357A 

601* 


*This Circuit to be Introduced 
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Dual Operational Amplifiers 


INTERNALLY COMPENSATED 


Devices listed in ascending order of price 


'iB 

VlO 

TCviO 

mm 

^vol 

BW(Av=1) 

Sn(Aw=1) 

Supply Voltage 




aA 

mV 

uV/°C 


V/V 

MHz 

V/os 

V 




max 

max 

typ 


min 

typ 

typ 

min 1 max 

Description 

Device 

Packages 


Military Temperature' Range (-55°C to +125°C) 



.5 

5 

10 

200 

50K 

1.1 

.8 

+3 

±22 

Dual MC1741 

MCI 558 

601, 632 

693 

.5 

5 

10 

200 

50K 

1 

.5 

+3 

±22 

Dual MCI 741 

MCI 747 

601, 632 

.5 

5 

10 

200 

50K 

1.1 

.8 

+3 , 

±22 

Dual Low Noise 

MC1558N 

601,632, 

693 

.5 

5 

10 

200 

50K 

4 

1,5 

+3 

±22 

High Frequency 
Dual 

MC4558 

601, 632 

693 

.15 

5 

10 

30 

50K 

1 

,6 

±1.5 

+3 

±18 

+36 

Single Supply 
Dual 

(Low Power 
Consumption) 

MLM158 

601, 632, 

693 

.5 

5 

10 

200 

50K 

1 

10 

±3 

±22 

High Slew Rate 
Dual 

MC1558S 

601, 632, 

693 

.5 

5 

10 

50 

50K 

1 

,6- 

±1.5 

+3 

±18 

+36 

Sirigle Supply 
Dual 

MC3558 

601, 632, 

693 


Industrial Temperature Range (0°C to +70°C) 


.5 

6 

10 

200 

20K 

1.1 

.8 

±3 

±18 

Dual MCI 741 

MC1458 

601, 626, 
632,646,693 

.5 

6 

10 

200 

25K 

1 

,5 

±3 

±18 

Dual MCI 741 

MC1747C 

603, 632, 












646 

.26 

6 


50 

26K 

1 

,6 

±1.5 

±18 

Single Supply Dual 

MLM358 

601, 626, 








+3.0 

+36 

(Low 


693 










Power Consumption) 



.5 

6 


200 

20K 

3 

1.5 

±3 

±18 

Dual High 

MC4558C 

601, 626 



■■ 







Frequency 


693 

.5 

10 


50 

20K 

1 

,6 

±1.5 

±18 

Single Supply Dual 

MC3458 

601, 626 








+3.0 

+36 

(Low 


693 










Crossover Distortion) 



.5 

6 


200 

20K 

1 

10 

±3 

±18 

High Slew'Rate 

MC1458S 

601, 626, 










Dual 


632,646, 693 

.5 

6 

■ 

200 

20K 

1.1 

.8 

±3 

±18 

Dual Low Noise 

MC1458N 

601, 626, 

632,646,693 

Automotive Temperature Range (-40°C to +85°C) 

5 

8 

10 

75 

20K 

1 

.6 

±1.5 

±18 

Single Supply 

MC3358 

626 








+3 

+36 

Dual 




NONCOMPENSATED 


Military Temperature Range (-55°C to +125°C) 


;5 

5 

10 

200 

25K 


.25 

±3 

±18 

Dual MCI 709 

MCI 537 

632 

3 

3 

10 

300 

4K 

■ 

.01 

±2 

±10 

Dual General 
Purpose 

MCI 535 

601, 606, 

632 


Industrial Temperature Range (0°C to +70°C) 


1.5 

7.5. 

10 

500 

15K 


.25 

±3 

±18 

Dual MCI 709 

MCI 437 

632, 646 

5 

5 

TO 

500 

3.5K 

■ 

.01 

±2 

±9 

- Dual General 
Purpose 

MCI 435 

602B, 607 
632 






































































Quad Operational Amplifiers 

IIMTERIMALLY COMPENSATED 


Devices listed in ascending order of price 


'iB 

VlO 

T^vio 

'lO 

^vol 

BW(Av=1) 

SR(Av=1) 

Supply Voltage 




uA 

mV 

u\t/°C 

nA 

V/V 

MHz 

V/us 

V 




max 

max 

typ 

max 

min 

typ 

typ 

min max 

Description 

Device 

Packages 


Military Temperature Range (-55°G to +125°C) 


.5 

5 

15 

200 

50K 

1 

.5 

±3 

±22 

Quad MCI 741 

MC4741 

632,646 

.15 

5 

■ 

30 

50K 

1 

.6 

±1.5 

+3.0 

±16 

+32 

Quad 

(Lower Power 
Consumption) 

MLM124 

632, 646 

.5 

5 

■ 

50 

50K 

1 

.6 

±1.5 

+3.0 

±18 

+36 

Quad General 
Purpose 

Low Power 

MC3503 

632, 646 

200pA 

5 

■ 

20pA 

50K 

10 

20 

±3.0 

±18 

Quad Active 

Filter 

FET Input, High 
, Frequency 

MC3571 

632, 646* 


Industrial Temperature Range (0°C to 10°C) 


.3 




IK 

■ 

.6 

±1.5 

+3.0 

±18 

+36 

Low Cost Quad 

MC3401 

632, 646 

.25 

6 

7 

50 

25K 

■ 

.6 

±1.5 

+3.0 

±16 

+32 

Quad 

(Low Power 
Consumption) 

MLM324 

632, 646 

.5 

10 

7 

50 

20K 

II 

.6 

±1.5 

+3.0 

±18 

+36 

Quad 

(No Crossover 
Distortion) 

MC3403 

632, 646 

.5 

6 

15 

200 

20K 


.5 

±3 

±18 

Quad MCI 741 

MC4741C 

632, 646 

.1 

5 

10 

10 

10K 


1.5 

±1.5 

±18 

Quad Programmable 
Low Power 

MC4202C 

632, 646* 

200pA 

6 

10 

20pA 

25K 

10 

20 

±3.0 

±18 

Quad Active Filter 
FET 

Input, High 
Frequency 

MC3471 

632, 646* 


*This Circuit to be Introduced 


Automotive Temperature Range (-40°C to +85°C) 


.3 




IK 

Hi 

.6 

±2 

+4 

±15 

+28 

Quad Mirror 

Gain 

MC3301 

646 

.5 

10 


50 

- 


.6 

±1.5 

+3 

±13 

+-26 

Quad Diff. 

(Low Power) 

MLM2902 

646 

.5 

8 

10 

75 

20K 

■ 

.6 

±1.5 

+3 

±18 

+36 

Quad Diff. 
General Purpose 

MC3303 

646 


PACKAGE STYLES 
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This is advance information and specifications 


bject to change without notice. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


TYPICAL CIRCUIT CONNECTIONS 


FIGURE 1 - DRIVING CAPACITIVE LOADS 


FIGURE 2 - LARGE POWER BANDWIDTH AMPLIFIER 


■LF155/6 R = 5.0 k 
UF157 R = 1.25 k 


+ 2.0 V r— 

-2.0 V 1 


{0.01 mF 



Due to a unique output stage design these ampiifiers have the 
abiiity to drive iarge capacitive loads and still maintain stability. 
^L(max) - FF. 

Overshoot < 20% 

Settling time it,) = 5.0 ps 


For distortion <1% and a 20 Vp-p Vout 
swing, power bandwidth is: 500 kHz. 


FIGURE 3 - INPUT OFFSET VOLTAGE ADJUSTMENT 


FIGURE 4 - SETTLING TIME TEST CIRCUIT 



'T 

)—J 2 k, 0.1? 


5.0 k, 0.1%< 
•1.0 k, 0.1%2 


Summing 
Node ' 


• VI o it adjusted with a 25 k potentiometer 

• The potentiometer wiper is connected to Vcc 

• For potentiometers with temperature coefficient of 100 
ppm/°C or less the additional drift with adjust is ^ 0.5 pV/ 
°C/mV of adjustment. 

• Typical overall drift: 5.0 pV/°C ±(0.5 pV/°C/mV 
of adjustment.) 


• Settling time is tested with the LF155/6 
connected as unity gain inverter and LF157 
connected for Ay=—5 

• FET used to isolate the probe capacitance 

• Output = 10 V step 
•Au = -5 for LF 157 


MAXIMUM RATINGS 



Differential Input Voltage 


Input Voltage Range (1) 


Output Short-Circuit Duration 


Operating Ambient Temperature Range 


Operating Junction Temperature 


Storage Temperature Range 


Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


MOTOROLA S&miconductor Rroducts Inc. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


DC ELECTRICAL CHARACTERISTICS (Vcc = 15 to 20 V, Vge = -15 to -20 V, to Tt,jgh 

(note 2) unless otherwise noted.) 


Input Offset Voltage 
(RS = 50 n. VcM = 0) 
(Ta = 25°C) 


Average Tem^rature Coefficient of Input Offset Voltage 
(Rs = 50 n) 


Change in Average TC with V |o Adjust 
(Rs = 50 n) (3) 


Input Offset Current 
(Tj = 25°C) (2) 

. (Tj < Thigh, VcM = 0( 


Input Bias Current 
(Tj = 25°C) (2) 

(Tj< Thigh, VcM = 0) 


Input Resistance 
(Tj = 25°C) 


Large Signal Voltage Gain 
(Vcc = *15V) 

(Vo = ±10 V, Rl = 2.0 k, Ta = 25°C) 


Ou^ut Voltage Swing 

‘(Vec = ±i5v, Rl = lokn) 


Input Common-Mode Voltage Range 
(Vcc = ±15V) 


Common-Mode Rjection Ratio 


Supply Voltage Rejection Ratio 


Supply Current 
LF165/355 
LF156/157 
LF356/357 


•Vcc = ±15V 


Hi33[H£3l2SIH2iSIIKi3lli3il 



AC ELECTRICAL CHARACTERISTICS- (Vcc = ±15ViTA = 25°C, unless otherwise noted.) 


lKS3iB2QilKSBBS3HQ!l3H2EIKSDIIiKS3iiBiE^I 


Slew Rate 

(Av=1) LF 155,6 
(Av = 5) LF157 


Gain-Bandwidth Product 


Settling Time to 0.01% (4) 


Equivalent Input Noise Voltage 
(RS= 100n,f = 100 Hz) 
(Rs= 100 n.f = 1000 Hz) 


Equivalent Input Noise Current 
(f = 100 Hz) 

(f = 1000 Hz) 


input Capacitance 


‘These minimum limits apply fdr the LF156 and LF157 only. 

NOTE; 

(1) Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply, 

(2) Tio„v =-55°Cfor LF155/155A/156/156A/157/157A 

= 0°C for LF355/355A/356/356A/357/357A 

Thigh =+125°Cfor LF 155/155A/156/156A/157/157A 
= -^70°C for LF355/355A/356/356A/357/357A 

(3) The temperature coefficient of the adjusted input offset 
voltage changes only a small amount (0.5 mV/°C typically) 
for each mV of adjustment from its original unadjusted 



Value. Common-mode rejection and open loop voltage gain 
are also unaffected by offset adjustment. 

(4) Settling time is defined here, for a unity gain inverter 
connection using 2.0 k resistors for the LF 155/6. It is the 
time required for the error voltage (the voltage at the 
inverting input pin on the amplifier) to settle to within 
0.01% of its final value froth the time a 10 V step input is 
applied to the inverter. For the LF157, A^ = -5.0, the 
feedback resistor fiom output to input Is 2.0 k and the 
output step is 10 V (see settling time test circuit). 


MOTOROLA Semiconductor Products Inc, 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


DC ELECTRICAL CHARACTERISTICS (Vcc = 15 to 20 V, Vee = -15 to -20 V, T/x = T|o^ to T^igh 
(note 2) unless otherwise noted.) ' < 


Input Offset Voltage 
(Rs = 50 n, Vciy = 0) 
(Ta = 25°C) 


Average Temperature Coefficient of Input Offset Voltage 
(Rs = 50 n) 


Change in Average TC with V|o Adjust 
(Rs = 50 n) (3) 


Input Offset Current 
(Tj = 25°C) (2) 

(Tj« Thigh, VcM = 0) 


Input Bias Current 
(Tj = 25°C) (2) 

<Tj< Thigh, VcM = 0) 


Input Resistance 
(Tj = 25°C) 


Large Signal Voltage Gain 
(Vcc=±15V) 

(Vo = ±10 V, Rl = 2.0 k, Ta = 25°C) 


Output Voltage Swing 

(Vcc = ±15V, Rl= lOkn) 


Input Common-Mode Voltage Range 
(Vcc = ±15V) 


Common-Mode Rejection Ratio 


Supply Voltage Rejection Ratio 


Supply Current 
LF155A/355A 
LF156A/7A/356A/7A 



AC ELECTRICAL CHARACTERISTICS (Vcc “ '^•Ta - 25°C, unless otherwise noted.) 


Slew Rate 

(Av = 1) LF155A/6A 

(Av = 5) LF157A 


Gain-Bandwidth Product ' 


&ttling Time to 0.01% (4) 


Equivalent Input Noise Voltage 
(Rs = ioon) 

(f = 100Hz) 

(f = 1000 Hz) 


Equivalent Input Noise Current 
(f = 100 Hz) 

(f = 1000 Hz) 


Input Capacitance 


LF156A/356A 


LF157A/357A 




■■ 




For Notes 1,2, 3,4, see previous page. 


MOTOROLA Semiconductor Rroducte Inc, 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


CIRCUIT SCHEMATIC 


Balance 



ORDERING INFORMATION 


Device 

Temperature Range 

Package 

Device 

Temperature Range 

Package 

LF155H, LF155AH 
LF155J-8, LF155AJ-8 
LF355H, LF355AH 
LF355N, LF355AN 
LF355J-8, LF355AJ-8 
LF156H, LF156AH 
LFt56J-8, LF156AJ-8 
LF356H, LF356AH 

-55 to+125°C 
-55 to +125°C 

0 to +70°C 
0to+70°C 

0 to +70°C 
-55 to +125°C 
-55 to +125°C 

0 to +70°C 

Metal Can 

Ceramic DIP 

Metal Can 
Plastic DIP 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Metal Can 

LF356N, LF356AI\I 
LF356J-8, LF356AJ-8 
LF157H,LF157AH 
LF157J-8, LF157AJ-8 
LF357H,LF357AH 
LF357N, LF357AN 
LF357J-8. LF357AJ-8 

0 to +70°C 

0 to +70°C 
-55 to+l25°C 
-55to+125°C 

0 to +70°C 
0to+70°C 

D to +'70°C 

Plastic DIP 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 


(g) MOTOROLA SGmicctinciuctor Products Inc. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1420G 

O'C to -f70°C 

Metal Can 

MC1520F 

-55°C to -f 125‘'C 

Ceramic Flat 

MC1520G 

-SSX to-i-125“C 

Metal Can 



DIFFERENTIAL OUTPUT OPERATIONAL AMPLIFIER 

A wide-band, general-purpose operational amplifier which features 
both differential inputs and outputs. Open loop gain is approximately 
3000 V/V but may be adjusted with external feedback components. 
This device is particularly useful in applications which require 
differential outputs. 

• Differential Input and Differential Output 

• Wide Closed-Loop Bandwidth; 10 MHz 

• Differehtial Gain; 70 dB 

• High Input Impedance; 2.0 Megohms: 

• Low Output Impedance; 50 ohms 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



MAXIMUM RATINGS (Ta = t25°C unless otherwise noted! 


Rating 


Power Supply Voltage 


Differential Input Signal 


Load Current 


Power Dissipation (Package Limitation) 
Metal Package 
Derate above Ta = -h25°C 
Flat Package 

Derate above Ta = +25°C 


Operating Temperature Range MC1520 
IVIC1420 


Storage Temperature Range 




FSUFFIX 

CERA,MIC PACKAGE 
CASE 606 
'(TO-91) 


FIGURE 1 - CIRCUIT SCHEMATIC 

COMPENSATION Vcc 

CIO 9C3 C4 0 c?o 9 
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MC1420, MC1520 


SINGLE-ENDED ELECTRICAL CHARACTERISTICS 

(Vcc ~ ^6.0 Vdc, Vgg = -6.0 Vdc, T= t 25°C unles s otherwise noted.) _ 

i MC1520 


Characteristic Symbol I Min Typ 


Open Loop Voltage Gain 

(T|ow ® S TA-SThigh ® ) 


Output Impedance 
(f = 20 Hz) 


Input Impedance 
(f = 20 Hz) 


Output Voltage Swing 
(Pl = 7.0 kJlfFigureS)) 


Input Common-Mode Voltage Swing 


Common-Mode Rejection Ratio 


Input Bias Current 

([llB=-^^^j.TA = +25°cj 


Input Offset Current 
<l|0='l-'2> 
ll|0 = (1 - l2- Ta = T|ow) 
(l|0 = h - 12 -Ta = Thigh* 


Input Offset Voltage 
. (Ta = +25°C) 


Step Response 

{ Gain = 1.0, 10% Overshoot 
Rl = 10l<n 
R2 = lOkn 
R 3 = 5.0l<n 
Cs = 39 pF 

/ Gain = 10, 10% Overshoot 
\ Ri = lOkn 
{ R2= 100 kn 
I R3= lOkfi 
\ Cs= lOpF 

{ Gain = 100, No Overshoot 
Rl = 1.0kn 
R2= 100 kn 
R 3 = 1 . 0 kn • 

Cs=1.0pF 

{ Open Loop, No Overshoot 
Rl = 50n 
R2 = 00 
R3 = 50n 

Cs=0 


Bandwidth: 

(Open Loop[Figure 4]) 
(Closed Loop[Unity Gain]) 
(Figure 5) 


Input Noise Voltage (Open Loop) 
(5.0 Hz-5.0 MHz) 


DC Power Dissipation 
(Vo = 0) 


Power Supply Sensitivity 
(Vn = 0) 


(T) dVout/*^t = Slew Rate 



T|ow = 0°C for MC1420, 
-55°C for MC1520 


Thigh = +75°C for MC1420 
+ 125°Cfor MC1520 
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MC1420;iVIC1520 


DIFFERENTIAL ELECTRICAL CHARACTERISTICS 

(Vcc = +6.0 Vdc, VgE = -6.0 Vdc, T/Sj = +25°C, unless otherwise noted.) 

I MC1520 



Characteristic 

Symbol 

Gain 

(Open Loop) 

Avol 

Input Impedance 
(f=20 Hz) 

zid 

Output Impedance 
(f=20Hz) 

Zod 

Common-Mode 

Output Voltage 

VO(CM) 

Output Voltage Swing 
(RL = 7.0l<n) 

Vo 



100 

200 

0 

+0.5 



2.0 


100 


0 


±6.0 ±8.0 


TYPICAL CHARACTERISTICS 

(Vcc " '^EE = “6 0 Vdc, = +25°C unless otherwise noted.) 


TEST CIRCUIT 


FIGURE 2 - LARGE SIGNAL SWING 
versus FREQUENCY 


■ ■HIMI M HIII II IMIIIIIII M liy i lT' 


■Hiin H 

■IHMHIlHiHllllllliiii 
■milHIUillllllHH . 
niiiiiiiHiiiniHiiiiinBMiiiiiHlI 



TEST CONDITIONS NOISE 

MODE VOLTAGE -1-1 '■■■ i- OUTPUT 

GAIN Ri (n) R2 in) R3 (J 2 ) Cs (pF) n>V (rrru) 












































































































Vo, OUTPUT VOLTAGE (Vp-p) Pp, POWER DISSIPATION (mW) 


MC1420, MC1520 


TYPICAL OUTPUT CHARACTERISTICS 

(Vcc “ +6.0 Vdc, VEg= -6.0 Vdc, T/^ = +25°C unless otherwise noted.) 


FIGURE 5 - POWER DISSIPATION 
versus POWER SUPPLY VOLTAGE 


FIGURE 6 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 



Vcc and Vee. POWER SUPPLY VOLTAGE (Vdc) 


Vcc and Vee, SUPPLY VOLTAGE (Vdc) 


FIGURE 7 - SINGLE ENDED OUTPUT VOLTAGE 
versus LOAD RESISTANCE 


FIGURE 8 - OUTPUT NOISE VOLTAGE 
versus SOURCE RESISTANCE 




0.1 1.0 ■ 10 ■ 100 1.0 M 

RS, SOURCE RESISTANCE (kS2) 
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OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

The MC1531 (MCI431) is provided with Darlington inputs to in¬ 
crease input impedance; otherwise the MCI 531 (MC1431) circuit is 
identical with the MCI 530 (MCI 430) circuit. 

• High Open Loop Voltage Gain — 4500 min (MC1530) 

-2500 min (MC1531) 

• High Input Impedance — 10 Kilohms min (MC1530) 

— 1.0 Megohm min (MC1531) 

• Low Output Impedance — 50 Ohms max 

• High Slew Rate - 6.0 V/ps typ @ Ays =10 

• High Open Loop Bandwidth — 2.0 MHz typ {MC1530) 

- 0.4MHztyp(MC1531) 


MAXIMUM RATINGS = 25°C unless otherwsie noted) 


CIRCUIT SCHEMATICS 


OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage MC1530, MC1531 

Vcc. Vee 

+9.0, -9.0 

Vdc 

MC1430, MC1431 

Vcc- Vee 

+8.0, -8.0 


Differential Input Voltage Range 

V|DR 

+ 5.0 

Volts 

Load Current 

'L 

10 

mA 

Power Dissipation (Package Limitation) 

Pd 



Metal Package 


680 

mW 

Derate above T/y = +25°C 


4.6 

mW/°C 

Flat Package 


500 

mW 

Derate above T/y = +25°C 


3.3 

mW/°C 

Dual In-Line Plastic Package 




MC1430, MC1431 


400 

. mW 

Derate above +25°C 


3.3 

mW/°C 

Operating Ambient Temperature Range 

Ta 


°C 

MCI530, MCI531 


-55 to +125 


MC1430, MC1431 


0 to +75 


Storage Temperature Range 

^stg 


OC 

Metal and Ceramic Package 

-65 to +175 


Plastic Package MC1430, MC1431 


-55 to +150 



FSUFFIX 

CERAMIC PACKAGE 
CASE 606 
TO-91 


Non Inv Input 11 
Inv. Input 2i 
Gnd 3I 
Vee-*! 
Output 51 




g > Lag. Comp. 


I Lead Comp 

Vcc 


G SUFFIX 
METAL PACKAGE 
CASE 603 B 


VEE^^Kf/"*^ ''CC 
Output 


FIGURE 1 - MC1530/MC1430 
(STANDARD INPUT) 


FIGURE 2 - MC1S31/MC1431 
(DARLINGTON INPUT) 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 

(MC1430P/MC1431Ponly) 










































MC143b, MC1431, MC1530, MC1531 


ELECTRICAL CHARACTERISTICS = +6.0 Vdc, VEg - -6.0 Vdc, = +25®C unless otherwise noted) 




Input Bias Current 


Input Offset Current 


Input Offset Voltage Ta = +25“C 

Ta = T|owQ 
Ta " ^high 


Single-Ended Input Impedance (Open-Loop, f = 30 Hz) 


Common-Mode Input Voltage Swing 


Equivalent Input Noise Voltage 
(Open-Loop, Rs = 50 ohms, BW = 5.0 MHz) 
Common-Mode Rejection Ratio (f = 100 Hz) 
Open-Loop Voltage Gain, 

Ta = <-25^0 
^A ” ^low to T^high 


Bandwidth (Open-Loop, -3.0 dB, no roll-off capacitance) 


Output Impedance (f = 1(X) Hz) 


Output Voltage Swing (Rl = 1.0 k ohms) 


Power Supply Sensitivity (Rs< 10 k S2) 


Power Supply Current 

DC Quiescent Power Consumption (Vq = 0) 


ELECTRICAL CHARACTERISTICS (Vcc “ "^6 0 Vdc, Vgg = -6.0 Vdc, = +25°C unless otherwise noted) 



\wm 

ohms 

IH3H 

Vpk 


■SSSSH 

12.5 

mAdc 

150 

mW 



Characteristic 


Input Bias Current 


input Offset Current 


Input Offset Voltage , Ta =+25°C 

Ta = T,ow0 
TA = Thi„h<J) 


Single-Ended Input Impedance (Open-Loop, f = 30 Hz) 


Common-Mode Input Voltage Swing 


Equivalent Input Noise Voltage 

(Open-Loop, R. “ 50 ohms, BW = 5.0 MHz) 


Common-Mode Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain 
Ta = +2S°C 
^A “ T|cn;u to Thigh 


Bandwidth (Open-Loop, -3.0 dB, no roll-off capacitance) 


Output Impedance (f = 30 Hz) 

Output Voltage Swing tR|_ = 1.0 k ohms) 


Power Supply Sensitivity (Rs < 10 k SI) 


Power Supply Current 


DC Quiescent Power (consumption (Vq = 0) 





'T- SLEW RATE 

\ _ 


STEP RESPONSE, TYPICAL CHARACTERISTICS 

(Vcc * +6 0 Vdc. Vee = -6.0 Vdc, Vq = 400 mVdc, T/^ = +25°C) 



Symbol 

MC1530 

MC1430 

MC1531 

MC1431 


Step Response 





/ Gain = 100,0% overshoot, 

*THL 

0.13 

0.36 

MS 

< = 1.0 k ohm, R2 = 100 k ohms, 

tPHL 

0.11 

0.21 

MS 

' B3 = 1.0 k ohm. Cj = 750 pF 

SR 

33 

16 

V/ms 

i Gain = 10.10% overshoot, 

'THL 

0.34 

0.30 

MS 

\ R-f ? 10 k ohms, R2 * too k ohms, 

‘PHL 

0.25 

0.28 

MS 

* R3 = 10 k ohms, C j = 6800 pF 

SR 

6.0 

5.5 

V/ms 

/ Gain = 1.0,5.0% ovcr^oot, 

tTHL 

0.28 

0.37 

MS 

^ Rl = 10 k ohms. R2 = 10 k ohms. 

tPHL 

0.16 

0.17 

MS 

t R3 * 5.0 k ohms, Ci « 33,000 pF 

SR 

1.7 

1.4 

V/ms 


I t|ow: 0°C for MC1430 

-•65®C for MC1530 
Thigh- +75®C for MC1430 
+ 125®C for MC1530 


T|ow= 0°CforMC1431 

-55°C for MC1531 
Thigh' +75°C for MC1431 


MOTOROLA Semicontfuctor Products Inc. 
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VOLTAGE GAIN (dB) Vq, OUTPUT VOLTAGE SWING (Vp-p) 


IVIC1430, MC1431, MC1530, MC1531 



5.0 k 33,000 
500 33,000 



iiMnwii 

mm 

—liMm 


FIGURE 5 - MC1530/MC1430 VOLTAGE 
GAIN versus FREQUENCY 


■iiiiiiiniiiiiiigniid 

■iiiiiimiiiiiimiiiiK! 


f, FREQUENCY (Hz) 

t, FREQUENCY (Hz) 

FIGURE 6-IVIC1531/MC1431 VOLTAGE 

GAIN versus FREQUENCY 

FIGURE 7 - MC1530/IVIC1430 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 


iniiisiiisHiiiiiii 

niiBsssraniiiw 

IHISIIIIIill 


liSliMSIlllH 

lilliiSiiKnilK 


f, FREQUENCY (Hz) 


f, FREQUENCY (Hz) 


MOTOROLA Semiconductor Products Inc. 











MC1430, MC1431, MC1530, MC1531 


FIGURE 8 - MC1531/MC1431 OPEN LOOP VOLTAGE GAIN 



100 1.0 k 10 k 100 k 1.0 M 10 M 

f, FREQUENCY (H 2 ) 


FIGURE 11 - COMMON-MODE SWING versus POWER 
SUPPLY VOLTAGE 



Vcc and Vee. POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 - VOLTAGE GAIN versus POWER SUPPLY VOLTAGE 



FIGURE 10 - OUTPUT VOLTAGE SWING 



10 100 1.0 k 10 k 

RL, load resistance (OHMS) 


FIGURE 12 - POWER CONSUMPTION versus 
POWER SUPPLY VOLTAGE 






























OPERATIONAL AMPLIFIER 


. . . designed for use as a summing amplifier, integrator, or 
amplifier with operating characteristics as a function of 
the external feedback components. 


• High-Performance Open Loop Gain Characteristics 

Avol 60,000 typical 

• Low Temperature Drift — ±5 LiV/°C 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


F SUFFIX 

CERAMIC PACKAGE 
, CASE 606 
TO-91 


10 Input 
9 J Input 
8 ) Lag 

7 Vqc 
6 Vcc 



Input 1 
Output Lag 2 
Vee3 
Output 4 

Vcc 5 



• Large Output Voltage Swing — 

±13 V typical @ ±15 V Supply 


Low Output Impedance — Zq = 100 ohms typical 


G SUFFIX 
METAL PACKAGE 

CASE 603B 
Lag 


Output 
Lag ^ 
VeE' 






L SUFFIX 

CERAMIC PACKAGE 
CASE 632 ’ 

TO-1 16 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1433P Only) 




Vee 6 6 OUTPUT LAG 














MC1433, MC1553 


ELECTRICAL CHARACTERISTICS “ '*'15 Vdc, -15 Vdc, = +25°C unless otherwise noted) 


■ ' 


MC1533 

MCI433 


Characteristic 

Symbol 

Min 

Typ 

Max 


Typ 

Max 

Unit 

Open Loop Voltage Gain 

(Ta = +25°CU ^ 

(Ta = T|ow ® "^high ® 1 

AvOL 

40,000 

60,000 


30,000 

60,000 


- 


35,000 

50,000 


20,000 

50,000 

- 


Output Impedance 

2o 







n 

(f = 20 Hz) 


- 

100 

150 

- 

100 

150 


Input Impedance 

2i 







kn 

(f = 20Hz) 


500 

1000 

- 

300 

600 

- 


Output Voltage Range 

Vo 







Vpeak 

(Rl = 10 kn) 


+ 12 

±13 


±12 

±13 

_ 

(Rl = 2kJi) 


+ 11 

±12 

- 

±10 

±12 

- 


Input Common Mode Voltage Range 

V|CR 

+9.0 

+ 10 

- 

+8.0 

+9.0 

- 

Vpeak 



-8.0 

-9.0 

- 

-8.0 

-9.0 

- 

Common Mode Rejection Ratio 

CMRR 

90 

100 

- 

80 

100 

- 

dB 

Input Bias Current 

l|B 







mA 

(Ta = +25°C) 

- 

0.5 

1.0 

, - 

0.5 

2.0 


(Ta = T|ow) 


-■ 

- 

3.0 


- 

4.0 


Input Offset Current 

)|0 







UA 

(Ta = +25°C) 


- 

0.03 

0.15 

. _ 

0.1 

0.50 


(Ta = T|oiiv) 


- 

- 

0.5 

- 

- 

0.75 


(Ta “ Thigh) 


- 

- / 

0.2 

- 

- 

0.75 


Input Offset Voltage & 

V|0 







mV 

(Ta = +25°C) 


- 

1.0 

5.0 

- 

1.0 

7.5 


(Ta “ T|oyy, Thigh) 


- 

- 

6.0 

- , 

- 

10 


Step Response (C 2 = 10 pF) 









( Gain = 100, 10% overshoot, 1 

fTLH 

- 

0.25 

- 

- 

0.25 

- 

JUS 

< Ri = lOkn, R 2 = I.OMn, > 

fpd 

- 

0.1 

- 

- 

0.1 

- 

MS 

( R3= icon. Cl =0.01 mF ) 

SR 

- 

6.2 

- 

- 

6.2 

- 

V/as 

( Gain = 10, no overshoot, j 

tTLH 

- 

0.3 


- 

0.3 

- 

MS 

] Rl = lOkn,R 2 = 100 kn, [ 

^pd 

- 

0.1 


- 

0.1 

- 

JUS 

1 R3= ion, C-i = 0.1 pF ) 

SR 

- 

2.9 

- 

- 

2.9 

- 

V/as 

( Gain = 1,5% overshoot, J 

^TLH 

- 

0.2 

- 

-- 

. 0.2 

- 

MS 

] Rl = 10 kn, R 2 = 10 kn, V 

*pd 

- 

0.1 

- 

- 

0.1 

- 

JUS 

1 R 3 = ion. Cl = 1.0 aF \ 

SR 

- 

2.0 

- 

- 

2.0 

- 

V/as 

Average Temperature Coefficient 









of Input Offset Voltage 
(Ta = T|ow +25°C) 

*V|o/*T 


. 

8.0 



10 


aV/°c 

(Ta = +25°C to Thigh) 

. 

- 

5.0 

- 

- 

8.0 

- 


Average Temperature Coefficient 









of Input Offset Current 

(Ta “ TjQyy to ThigJ^) 

AIiq/AT 


0.1 



0.1 


nA/°C 

(Ta = +25°C to Thigh) 


- 

0.05 

- 

- 

0.05 

- 


DC Power Consumption 

Pc 







mW 

(PowerSupply = ±15 V, Vq = 0) 


- 

125 

170 

- 

125 

240 


Positive Supply Sensitivity 

PSRR+ 







aV/V 

(VgE constant) 


- 

50 

150 

- 

50 

200 


Negative Supply Sensitivity 

PSSR- 







aV/v 

(Vcc constant) 


- 

50 

150 

- 

50 

200 



® Thigh =+75°C for MC1433, = 0 for MC1433 @ Input offset voltage (V|o) may be adjusted to zero. 

+ 125°C for MC1533 -55°C for IVIC1533 


MOTOROLA P mrltMrt-t Inct 
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MAXIMUM RATINGS (T/^ = +25°C unless othervuise noted) 


' Rating 


Power Supply Voltage l\/IC1533,MC1433 
IVIC1533,MC1433 


Differential Input Voltage Range 


Common Mode Input Voltage Range 


Load Current 


Output Short Circuit Duration 


Power Dissipation (Package Limitation) 
Metal Package 
Derate above = +25°C 

Flat Package 

Derate above = +25°C 

Dual In-Line Ceramic Package 
Derate above =+25°C 

Dual In-Line Plastic Package 
Derate above T/^ = +25°C 


Operating Ambient Temperature Range 
MC1533 
MC1433 


Storage Temperature Range 



TYPICAL CHARACTERISTICS 

FIGURE 2 TEST CIRCUIT 

Vcc =+15 Vdc, Vee = -15 Vdc, T^ = +25°C 


rt' 



MOTOROLA Semiconductor Rroducts Inc. 
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PEAK TO-PEAK VOLTAGE (VOLTS) 


TYPICAL CHARACTERISTICS (continued) 

(Vqc = +15 Vdc, VgE -15 Vdc, T/^ = +25°C unless otherwise noted) 


FIGURE 3 - LARGE-SIGNAL RANGE versus FREQUENCY 


FIGURE 4 - VOLTAGE GAIN versus FREQUENCY 
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FIGURE 5 - OFFSET ADJUST CIRCUIT 


FIGURE 6 - OPEN LOOP VOLTAGE GAIN versus FREQUENCY 
(HIGH GAIN CONFIGURATION) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - POWER CONSUMPTION 
versus POWER SUPPLY VOLTAGE 


FIGURE 8 - VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGE 



















Device 


MC1435F 

MC1435G 

MCi435L 

MC1435P 

MC1535F 

MCi535G 

MC1535L 


Temperature Range 


O^C to +70*0 
O-C to +70°C 
0“C to +70‘’C 
b'C to +70“C 
-BS^C to +125‘’C 
-BB^C to+125‘>G 
-BB-G to +12B°G 


Package 


Geramic Flat 
Metal Gan 
Geramic DIP 
Plastic DIP 
Geramic Fiat 
Metal Can 
Ceramic DIP 


DUAL OPERATIONAL AMPLIFIERS 


. . . designed for use as summing amplifiers, integrators, or 
amplifiers with operating characteristics as a function of 
the external feedback components. Ideal for chopper sta¬ 
bilized applications where extremely high gain is required 
with excellent Stability- 


Typical Amplifier Features: 

• High Open Loop Gain Characteristics _ AvoI = 7,000 

• Low Temperature Drift — ±10 ju V /*C 

• Low Input Offset Voltage — 1.0rhV 

• Low Input Noiee Voltage — 0.5/iV 




DUAL 

OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



























HIGH Z], DIFFERENTIAL TO SINGLE-ENDED AMPLIFIER 


LARGE OUTPUT SWING CONFIGURATION (FLOATING LOAD) 


2i = 70 n min 
(differential) 




L MCI535^ 



VEE Vo = 20V| 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.! 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Common-Mode Input Voltage Range 


Load Current 


Output Short-Circuit Duration 


Power Dissipation (Package Limitation! 
Flat Ceramic Package 
Derate above T/\ = ■e 25°C 
Metal Package 
Derate above T/^ = -e 25°C 
Ceramic Dual In-Line Package 
Derate above Ta =+25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 



MC1535 

MC1435 

-no 

+9.0 

-10 

-9.0 

±5.0 

±5.0 

+5.0, -4.0 

+5.0 -4.0 ' 

20 

20 



-55 to ■H25 


-65 to -E150 


0 to ■E75 


-65 to -H 50 



MOTOROLA Semiconductor Products Inc. 
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ELECTRICAL CHARACTERISTICS (Each Amplifier) (Vcc = +6.0 Vdc, = -6.0 Vdc,T/^ = +25°C unless otherwise noted.) 


Input Bias Current 

, ^ ll + '2 Ta = +25OC 

2 'Ta to Thigh © 


input Offset Current 
Ta = +25°C 
Ta - +25®C to Thigh 
TA - TiQyy to +25^C 


Input Offset Voltage 
Ta = +25°C 
Ta “ T(ow *0 Thigh 


Differential Input Impedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f = 20 Hz) 


Common-Mode Input Voltage Swing 
See Figure 7^ 


Common-Mode Rejection Ratio (f = 100 Hz) 





IISS3339I 


4,000 7,000 10,000 3,500 7,000 


Power Bandwidth (See Figure 2, Curve 3A.) 

(Av= 1, Rl = 2.0kohms, THD< 5%, Vo = 20Vp-p) 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain) 


Gain Margin 


Step Response 

I Gain = 100, 30% overshoot, 
R1 =4.7kn, R2 = 470l<n, 
R3= 150 n. Cl = 1,000 pF 
( Gain = 10, 10% overshoot, 

] R1 =47 kn, R2 = 470kn, 

I R3 = 47 n. Cl = 0.01 (uF 
Gain = 1,5% overshoot, 

R1 = 47 kn, R2 = 47 kn, 
R3 = 4.7a, C1 =0.1 mF 


Output I mpedance (f = 20 Hz) 


Short-Circuit Output Current 


Output Voltage Swing (Rl = 10 k ohms) 


Power Supply Sensitivity 

Vee = constant, Rs ^ 10 k ohms 
Vcc = constant, Rj ^ 10 k ohms 


Power Supply Current (Total) 







DC Quiescent Power Consumption (Total) 
(Vo = 0) 


MATCHING CHARACTERISTICS 


Input Bias Current 


Input Offset Current 


Average Temperature Coefficient 


Input Offset Voltage 


Average Temperature Coefficient 


^voll “"V 0 I 2 


•lB1-hB2 


I|01-'l02 


TC||01-TC||02 


V 101 -V 102 


Channel Separation (See Fig. 10) 
(f= 10 kHz) 


©T|o„: 0°C for MC1435 

-55°C for MC1535 
Thigh: +75°C for MCI435 
+ 125°C for MC1535 


MOTOFtOLA Semiconductor f*roducts Inc. 





































































































































Avol. VOLTAGE GAIN (dB> Vq. OUTPUT VOLTAGE SWING (V 


TYPICAL OUTPUT CHARACTERISTICS 

(Vcc = +6.0 Vdc, VgE = -6.0 Vdc, Ta = +25°C.) 


FIGURE 1 - TEST CIRCUIT 


TEST CONDITIONS 

"Sr “.r '’"S' «,«a 1 I I «,<o I 


















MCI435, MCI535 
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MC1436 

MC1436C 

MC1536 


HIGH VOLTAGE, INTERNALLY COMPENSATED 
OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• Maximum Supply Voltage - ±40 Vdc {MC1536) 

• Output Voltage Swing - 

±30 Vpk(min) (VCC = +36 V, Vee = -36 V) (MC1536) 

±22 Vpk(min) (VcC = +28 V, Vee = ‘28 V) 

• Input Bias Current — 20 nA max (IV1C1536) 

• Input Offset Current — 3.0 nA max (MC1536) 

• Fast Slew Rate — 2.0 V/ps typ 

• Internally Compensated 

• Offset Voltage Null Capability 

• Input Over-Voltage Protection 

• AyQL — 500,000 typ 

• Characteristics Independent of Power Supply Voltages — 

(±5.0 Vdc to ±36 Vdc) 


FIGURE 1 - DIFFERENTIAL AMPLIFIER WITH ±20 V 
COMMON-MODE INPUT VOLTAGE RANGE 



OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



FIGURE 2 - TYPICAL NON-INVERTING X10 
VOLTAGE AMPLIFIER 


Vi=4.4Vp.p 3 




















MC1436, MC1436C, iyiC1536 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted) 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Input Common-Mode Voltage Range 




Power Dissipation (Package Limitation) 
Derate above T/^ = +25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 



-65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc " '*■28 Vdc, = -28 Vdc, Ta = +25^C unless otherwise noted) 


Characteristics 


Input Bias Current 
Ta = +25°C 

Ta “ ^low to Thiqh (See Note 1) 


Input Offset Current 
Ta = +25°C 
TA=+25°Cto Thigh 
Ta “ T|Qyy to +25®C 


Input Offset Voltage 
Ta = +25°C 
Ta ® T|Qy^, to T^jjqh 


Differential Input Impedance (Open-Loop, f S5.0 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f ^5.0 Hz) 


Input Common-Mode Voltage Range 


Equivalent Input Noise Voltage 

lAv ^ 100. Rg MO k ohms, f = 1.0 kHz, BW = 1.0 Hz) 


Common-Mode Rejection Ratio (dc) 


Large Signal dc Open Loop Voltage Cain 

( Ta = +25°C 

(Vq = ± 10 V, Ri = too k ohms) < 

lTA = T|o>„toThigh 

(Vo = +10 V, Rl = 10 k ohms, Ta = +25°C) 


Power Bandwidth (Voltage Follower) 

fAv,= 1, Rl = 5.0 k ohms, THD5 5%, Vq = 40 Vp-p) 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain) 


Gain Margin 


Slew Rate (Unity Gain) 


Output Impedance (f < 5.0 Hz) 


Output Current 


Output Voltage Range (Rl = 5-0 k ohms) 
Vcc "+28 Vdc, Vee =-28 Vdc 
Vcc ~ +26 Vdc, V^E = -36 Vdc 


Power Supply Sensitivity (dc) 

Vee ■ constant, Rj • ' 10 k ohms 
Vcc - constant. Rg 10 k ohms 


Power Supply Current (See Note 2) 


DC Quiescent Power Consumption 

(Vq = 0) 


Note 1: T|ovv: for MC1436,C 

-55°C for MCI536, 
Thigh +70'^C loi' MC1436,C 
+ 125°C for MC1536 








BM 





50,000 

500,000 


200.000 



Note 2; Vcc " ^EE = 5.0 Vdc to 36 Vdc for MCI 536 
^CC ^ ^EE “ 5.0 Vdc to 30 Vdc for MC1436 
Vcc = Vee = 5 0 Vdc to 28 Vdc for MC1436C 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc: or others. 
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MC1436;MC1436C, 1VIC1536 






















MC1436/MC1436C, MC1536 


FIGURE 9 - INVERTING FEEDBACK MODEL 


FIGURE 10 - NON’INVERTING FEEDBACK MODEL 
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MC1437 

MC1537 


HIGHLY MATCHED 
DUAL OPERATIONAL AMPLIFIERS 

. . . designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. Ideal for chopper stabilized applications where ex¬ 
tremely high gain is required with excellent stability. 

Typical Amplifier Features: 

• High-Performance Open Loop Gain Characteristics — 

AvOL ~ 45,000 typical 

• Low Temperature Drift — ±3 pV/°C 

• Large Output Voltage Swing — 

i 14 V typical @ ± 15 V Supply 


MAXIMUM RATINGS (Ta = +25°C) 






DUAL MC1709 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



PSUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1437P only) 



121 Output B 
11 j I nput Lag B 
loj Input Lag B 
1 nv. I nput 
YiNonlnv. 


















































MG1437, MC1537 

ELECTRICAL CHARACTERISTICS — Each Amplifier (V^c +15 Vdc, = -15 Vdc, = +25°C unless otherwise noted.) 



IVIC1537 

MC1437 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Open Loop Voltage Gain 

AvOL 







- 

(Rl = 5.0 kU, Vq = ±10 V, 


25,000 

45,000 

70,000 

15,000 

45,000 

■ - 


1^A " Tlow® 1° Thigh © ) 









Output Impedance 

Zo 


3a 

- 

- 

30 

_ 

. it 

(f = 20 Hz) 









Input Impedance 

Zi 

150 

400 


50 

150 

_ 

kit 

If = 20 Hz) 









Output Voltage Range 

VOR 







Vpeak 

(Rl = 10kS2) 


±12 

±14 


±12 

±14 

_ 


(Rl = 2.0 kJi) 


±10 

±13 


- 


- 


Input Common-Mode Voltage Range 

V|CR 

±ao 

±10 

- 

+ 8.0 

±10 

- 

Vpeak 

Common-Mode Rejection Ratio 

CMRR 

70 

100 

- 

65 

100 

- 

dB 

Input Bias Current 

l|B 



iH 




mA 

/ Ii+l2\ (TA=r+250C) 


- 

mm 



0,4 

1,5 


2 j (Ta=-T|ow©) 


- 

o 

■9 

H 

- 

2.0 


Input Offset Current 

ho 







mA 

(l|0 = ll - I 2 ) 



0.05 

0.2 


0.05 

0.5 


(l|0 = h - '2. Ta = T|ogg© ) 



- 

0.5 


- 

Km 


(l|0 =ll -I2 .Ta = Thigh©) 



- 

0.2 


- 

bh 


Input Offset Voltage 

Vio 

mmumn 


■■ 




mV 

(Ta = +25°C) 



10 



1.0 

7.5 


“ "^low ^0 "^high ^ 



- 

Bl 


- 

10 


Step Response 









jGain = 100, 5% overshoot, j 

ITLH 

- 

0.8 

- 

- 

0.8 

- 

MS ■ 

'Rl = 1 kit, R2 = 100 kit, 1 

'PLH-tpHL 

— 

0.38 

_ 


0.38 

— 


(r 3 = 1.5 kit. Cl = 100 pF,C2 = 3.0pf) 

SR 

- 

12 

- 

- ■ 

12 


V/ms 

(Gain = 10, 10% overshoot, j 

ITLH 

- 

0.6 

- 

- 

0.6 

- 

MS 

' Rl = 1 kit, R2 = 10 kit, . I 

tPLH-tpHL 

- 

0.34 

- 

- 

0,34 

- 

MS 

(R3=1.5kit,Ci=500pF,C2 = 20pF ) 

SR 

- 

17 

- 

- 

1.7 


V/mS 

|Gain = 1, 5% overshoot, j 

tTLH 

- 

2.2 

- 

- 

2.2 

- 

fiS 

Rl = lOkit, R2 = lOkii, 

IPLH-tPHL 

- 

1.3 

- 

- 

1.3 

- 

, MS 

(R3=1.5kit,Ci = 5000 pF,C2 = 200 pF) 

SF? 

- 

0.25 

- 


0.25 

- 

V/ms 

Average Temperature Coefficient of 

4V|o/*T 



■■■ 




mV/°C 

Input Offset Voltage 









(Rs-50Si,TA“T loyy Q to ) 



15 



1,5 



(Rs S 10 kit, Ta = T|Qgg © to Thigh ©) 



3 0 

HiH 

Hi 

3 0 

- ^ 


Average Temperature Coefficient of 


mmm 






nA/°C 

Input Offset Voltage 









<Ta =T|ow©to +25°C) 



0.7 



0.7 

- 


(Ta = +25°C to Thigh © 



0.7 


■1 

0,7 

- 


DC Power Consumption (Total) 

Pc 

- 

160 

225 

- 

160 

225 

mW 

(Power Supply = ±15 V, Vq = 0) 









Positive Supply Sensitivity 

PSS+ 

- 

10 

150 

__ - 

10 

200 

mV/V 

(Vgg constant) , 









Negative Supply Sensitivity 

PSS- 

- 

10 

150 

_ 

10 

200 

mV/V 

(Vcc constant) 










©T|oi„ = 0°C for MC1437 ©Thigh = +70°C for MC1437 

=-55°C for MC1537 = +1 25°C for MC1537 


MATCHING CHARACTERISTICS 


Open Loop Voltage Gain 
Input Bias Current 
Input Offset Current 

Average Temperature Coefficient 

Input Offset Voltage 

Average Temperature Coefficient 

Channel Separation 
(f = 10 kHz) 



±1.0 

±0.15 

±0.02 

±0:2 

±0.2 

±0.5 

90 



±1.0 


± 0.02 


±0.2 

±0.2 


+ 0.5 


90 



dB 

mA 

mA 

nA/°C 

mV 


mV/°C 


dB 



































































































































AyoL-VOLTAGE GAIN (dB) Vqr, OUTPUT VOLTAGE RANGE (Vp-p) 


IVICI437, MC1537 


TYPICAL OUTPUT CHARACTERISTICS 

FIGURE 3 - TEST CIRCUIT 
Vcc ° ''ee = = 25“C 


FIGURE 

NO. 

CURVE 

NO. 

VOLTAGE 

GAIN 

TEST CONDITIONS 

OUTPUT 

NOISE 

(mVDmsJ) 

Rl(S2) 

R2(S2) 

R3(n) 

C,(pF) 

Cj(pF) 

4 

1 

1 

10k 

10k 

1.5 k 

5.0 k 

200 

0.10 


2 

10 

10 k 

100 k 

1.5 k 

500 

20 

0.14 


3 

100 

10 k 

l.OM 

1.5 k 

100 

3.0 

0.7 


4 

1000 

1.0 k 

1.0 M 

0 

10 

3.0 

5.2 

5 

1 

1 

.10k 

10k 

1.5 k 

5.0 k 

200 

' 0.10 


2 

10 

10k 

100 k 

1.5 k 

500 

20 

0.14 


3 

100 

10k 

l.OM 

1.5 k 

100 

3.0 

0.7 

, 

4 

1000 

1.0 k 

l.OM 

0 

10 

'3.0 

5.2 

6 


^VOL 

0 . 

cx> 

1.5k 

5.0 k 

200 

5.5 


2 

Avol 

0 

CO 

1.5 k 

600 

20 

10.5 


3 


0 

CO 

1.5 k 

100 

3.0 

21.0 


4 

AvOL 

0 

CO 

0 

10 

3.0 

39.0 


5 

AvOL 

0 

CO 

“ . ' 

0 

3.0 




FIGURE 4 - LARGE SIGNAL SWING 

versus FREQUENCY FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 



10 100 1.0k 10k 100k 1.0M 

f, FREQUENCY (Hzl. 



10 100 1.0 k 10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 


FIGURE 6 - OPEN LOOP VOLTAGE GAIN 


FIGURE 7 - TOTAL POWER CONSUMPTION 


versus FREQUENCY 


versus POWER SUPPLY VOLTAGE 



10 100 1.0 k 2.0 k 5.0 k 10 k 100k 1.0 M 



f, FREQUENCY (Hz) 


Vcc and Vee, POWER SUPPLY (Vdc) 
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eo 2 . induced OUTPUT SIGNAL (^V/V) ^ AViO, INPUT OFFSET VOLTAGE CHANGE (mV) 


MC1437, MC1537 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 - VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 


FIGURE 9 - COMMON INPUT SWING 
versus POWER SUPPLY VOLTAGE 




Vcc and Vee, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


FIGURE 11 - OUTPUT NOISE VOLTAGE 
versus SOURCE RESISTANCE 



-60 -40 -20 0 +20. +40 +60 +80 , +100 +120 +140 

T^, AMBIENT TEMPERATURE (OC) 



100 1.0 k 10 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 


FIGURE 12 - INDUCED OUTPUT SIGNAL 
(CHANNEL SEPARATION) versus FREQUENCY 



f, FREQUENCY (Hj) 


Induced output signal (/iiV of induced output signal in 
amplifier §1 per volt of output signal at amplifier if \). 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1439G 

0°C to -|-70°C 

Metal Can 

MC1439L 

0°C to -t-70°C 

Ceramic DIP 

MC1439P1,P2 

0°C to -|-70“C 

Plastic DIP 

MC1539G 

-SS'C to-M25°C 

Metal Can 

MC1539L 

to- f125‘“C 

Ceramic DIP 


UNCOMPENSATED OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. For detailed information see Motorola Application 
Note AN-439. 

• Low Input Offset Voltage - 3.0 mV max 

• Low Input Offset Current — 60 nA max 

• Large Power-Bandwidth — 20 Vp-p Output Swing at 20 kHz min 

• Output Short-Circuit Protection 

• Input Over-Voltage Protection 

• Class AB Output for Excellent Linearity 

• High Slew Rate — 34 \//^ls typ 


FIGURE 1 - HIGH SLEW-RATE INVERTER 
100 k 



^cc VgE 

FIGURE 2 - OUTPUT NULLING CIRCUIT 



10k<Rs<100(R3) (Vcc) 

FIGURE 3 - OUTPUT LIMITING CIRCUIT 


Rf 




OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


METAL PACKAGE 
CASE 601 



Compensation ^CC 


Non-lnv- (3) Output Lag 

Input 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
(TO-116) 


Compensation 


Non-Inv. Input 


(VgE thru Substrate 
on P2) 



P2 SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1439 only) 




PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC1439 only) 


Non-Inv. Input 
















MC1439, MC1539 

ELECTRICAL CHARACTERISTICS (V^c = +15 Vdc, = -1 5 Vdc, Ta = +25°C unless otherwise i 


Input Bias Current 
(Ta = +25°C) 

“ T|ow (j) ) 


Input Offset Current 
(Ta “ T|ow) 

(Ta = +25°C) 

“ Thigh (T)) 


Input Offset Voltage 
(Ta = +25°C) 

(Ta “ T|ow- Thjgh) 


Average Temperature Coefficient of 1 nput 
Offset Voltage (Ta = Tto Thigh) 

(Rs = 5on) 

(Rs<10kn) 


Input Impedance 
(f = 20 Hz) 


Input Common-K/lode Voltage Range 


Equivalent Input Noise Voltage 
(Rg = 10 kn. Noise Bandwidth - 1.0 Hz, 
f = 1,0 kHz) 


Common-Mode Rejection Ratio 
(f= 1.0 kHz) 


Open-Loop Voltage Gain (Vo = ±10 V, Rl = 

lOkn, R5 = «>) (Ta =+25°C to Thigh) 

(Ta “ T|q,^) 


Power Bandwidth (A\,= 1,THD<5%, 
Vq = 20 Vp-p) 

(Rl = 2.0 kf2) 

(Rl= 1.0 kn,R5= 10 k) 


Step Response 

{ Gain = 1000, no overshoot, 1 

Rl = I.OkSl, R2= r.OMn, R3= 1.0kS2,V 
R4 = 30kS2, R5=10kn,C1 = 1000pF ) 

{ Gain = 1000, 15% overshoot, 1 

Rl =1.0kn,R2 = 1.0Mn,R3=1.0kn,^ 
R4 = 0, R5= lOkn, Cl = lOpF ) 

{ Gain = 100, no overshoot, ^ 

Rl = I.OkU, R2= lOOkn, R3= 1.0kn,/> 
R4= lOkSJ, R5= 10kJ2,C1 =2200pF * 

{ Gain = 10, 15% overshoot, , \ 

Rl = I.OkSZ, R2= lOkn, R3= I.Okfl, > 
R4 = 1.0 kn, R5 = 10 ka. Cl = 2200 pF ) 

{ Gain = 1, 15% overshoot, 'i 

Rl =10kn,R2=T0ka,R3 = 5.0kn, > 
R4 = 390a,R5=10ka,C1 =2200pF ) 


Output Impedance 
(f = 20 Hz) 


Output Voltage Swing 
(Rl = 2.0 kn, f = 1.0 kHz) 
(Rl = 1.0 ka, f = 1.0 kHz) 


Positive Supply Rejection Ratio 
(V^g constant, R 5 = °°) 


Negative Supply Rejection Ratio 
(Vcc constant, R 5 = °°) 


Power Supply Current 
(Vo = 0) 



T|ow “ lot MC1439 


- 55“C for MC1539 


Thigh = +70°C for MCI439 
+ 125°C for MC1539 
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MCT439, MCT539 


MAXIMUM RATINGS (T^ = +25**C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+18 

Vdc 


Vee 

+18 


Differential Input Voltage Range 

V|DR 

+(Vcc + |VEEi> 

Vdc 

Common-Mode Input Voltage Range 

VicR 

+Vcc--1VeeI 

Vdc 

Load Current 

'L , 

15 

mA 

Output Short-Circuit Duration 

ts 

Continuous | 

Power Dissipation (Package Limitation) 

Pd 



Metal Package 


680 

mW 

Derate above T/^ = +25°C 


4.6 

mW/OC 

Ceramic Dual In-Line Package 


750 

mW 

Derate above T/^ = +25°C 


6.0 

mW/°C 

Plastic Dual In-Line Packages MCI439 


625 

mW 

Derate above T/\ = +25°C 


5'.0 

mW/°C 

Operating Temperature Range MC1539 

Ta 

-55 to+125 


MC1439 


0 to +70 


Storage Temperature Range 

^stg 


°C 

Metal and Ceramic Packages 


-65 to +lb0 


Plastic Packages 


-55 to +125 



FIGURE 4-EQUIVALENT CIRCUIT SCHEMATIC FIGURE 5 - EQUIVALENT CIRCUIT 




FIGURE 6 -TEST CIRCUIT 


R2 

-vyv 

c 



TYPICAL OUTPUT CHARACTERISTICS 

















Vo, OUTPUT VOLTAGE SWING (clipped) (±Vp) Vq OUTPUT VOLTAGE (Vp p) Vq, OUTPUT VOLTAGE (Vp.p) 


MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 

{\/qq = +15 Vdc, VgE = -15 Vdc.T^ = +25°C, unless otherwise noted.) 


FIGURE 7 - LARGE-SIGNAL SWING versus FREQUENCY FIGURE 8 - OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 
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SUPPLY VOLTAGE (VOLTS) 


‘Act. = Closed-Loop Gain 


f, FREQUENCY (Hz) 































































Bn, EQUIVALENT INPUT NOISE (nV/yiTz) 


MC1439, MCI539 


TYPICAL CHARACTERISTICS (continued) 

= +15 Vdc, VgE = -15 Vdc, T/\ = +25°C, unless otherwise noted.) 


FIGURE 13 - Act* = 1 response versusTEMPERATURE 


FIGURE 14 - Acl = 10 RESPONSE versus TEMPERATURE 
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Aqi = Closed-Loop Gain 


Rs, SQURCE RESISTANCE (k OHMS) 























































MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 

(Vcc +15 Vdc, Vee = -15 Vdc,T/\ = +25°C, unless otherwise noted.) 



-55 -25 Q +25 +50 +75 +100 +125 

ta, ambient temperature («C) 


FIGURE 20 - POWER DISSIPATION versus 
POWER SUPPLY VOLTAGE 



10 12 14 16 18 


Vcc AND Vee, power SUPPLY VOLTAGE (VOLTS) 



FIGURE 21 - POWER BANDWIDTH 
(LARGE-SIGNAL SWING versus FREQUENCY) 



10 100 TOk 10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 


FIGURE 22 - COMMON-MODE INPUT VOLTAGE 
versus SUPPLY VOLTAGE 



12 13 14 15 16 17 18 

Vcc, IVeeI, SUPPLY VOLTAGE (VOLTS) 


FIGURE 23 - COMMON-MODE REJECTION RATIO 
versus FREQUENCY 


FIGURE 24 - COMMON-MODE REJECTION RATIO 
versus TEMPERATURE 



10 100 1.0 k 10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 



Ta, ambient TEMPERATURE (“O 
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MC1439, MC1539 


FIGURE 25 - VOLTAGE-FOLLOWER PULSE RESPONSE 



TYPICAL APPLICATIONS 


FIGURE 26-VOLTAGE FOLLOWER 


figure 27-OIFFERENTIAL AMPLIFIER 


FIGURE 28 









VnOMINAL-Vo (MILLIVOLTS) 


MC1439, MC1539 


TYPICAL APPLICATIONS (continued) 

FIGURE 30 - LOAD REGULATION FOR FIGURE 31 - REGULATOR OUTPUT VOLTAGE 

CIRCUIT OF FIGURE 29 (under pulsed load condition) 
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MC1456 

MC1456C 

MC1556 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. For detailed information, see Application Note AN-522. 

• Low Input Bias Current — 15 nA max 

• Low Input Offset Current — 2.0 nA max 

• Low Input Offset Voltage — 4.0 mV max 

• Fast Slew Rate — 2.5 VZ/is typ 

• Large Power Bandwidth — 40 kHz typ 

• Low Power Consumption - 45 mW max 

• Offset Voltage Null Capability 

• Output Short-Circuit Protection 

• Input Over-Voltage Protection 


TYPICAL INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT versus TEMPERATURE for MC1556 



G PACKAGE 

CASE 601 



Offset ^ 
Null ( 1 


Inv. Input 




U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 

Offset Null 

L PACKAGE 

CASE 632 f^on:lnv. 
T0.116 




£) N,C. 

LI '^CC 

^ Output 


■ i 

I 


-55 -25 0 +25 +50 +75 +100 +125 

ta, ambient temperature (OC) 


Output 
Offset Null 

























MC1456, MC1456C, MC1556 



MAXIMUM RATINGS (Ta = +25^0 unless otherwise noted) 


Rating 


Power Supply Voltage 


Differential Input Voltage Range 


Common-Mode Voltage Range 


Load Current 


Output Short Circuit Duration 


Power Dissipation (Package Limitation) 
Derate above = +25®C 


Operating Temperature Range 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS ^Vcc = +15 Vdc. Vg^ = - ts Vdc. TA = +25®Cunlessotherw»senoted). 


I ^^0 ESSSSUSDIi i 


Input Bias Current 

Ta = +250C 

Ta * Tiq^ to (See Note 1) 


Input Offset Current 
Ta = +25°C 

Ta = +25°C to Thigh 

Ta ~ Tiovv +25^C 


Input Offset Voltage 
Ta = +25<>C 
Ta * TjQyy to Thigh 


Differential Input Impedance (Open-Loop, f « 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f ® 20 Hz) 


Common-Mode Input Voltage Range 


Equivalent Input Noise Voltage 

(Av«100, Rs* 10k ohms. f= 1.0kHz. SW» 1.0 Hz) 


Common-Mode Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain, (Vq * ± 10 V, Rl “ 2.0, k ohms) 
Ta = +25°C 
Ta “ T|ow to Thi^ 


Power Bandwidth 

(Av = 1, Rl = 2.0 k ohms, THDS5%, Vq = 20 Vp-p) 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain) 


Slew Rate (Unity Gain) 


Output Impedance (f = 20 Hz) 


Short-Circuit Output Current 


Output Voltage Swing (R - 2.0 k ohms) 


Power Supply Rejection Ratio 

Vcc " constant, Rs ^ 10 k ohms 
Vgg - constant, Rs ^ 10 k ohms 


Power Supply Current 


DC Quiescent Power Dissipation 

(Vo = 0) 



Notel: Tiow^ 0® for MC1456 and MC1456C 
-55°C for MC1556 

Thigh: +70°C for MC1456 and MC1456C 
+125°CforMC1556 
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CMRR, COMMON-MODE REJECTION RATIO (dB) V|CR, INPUT COMMON-MODE VOLTAGE RANGE (VOLTS) 


MCI456, MC14S6C, MCI 556 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Yee = -15 Vdc, Ta = +250C unless otherwise noted). 


FIGURE 1 ^ INPUT COMMON-MODE SWING versus 
POWER SUPPLY VOLTAGE 


FIGURE 2 - SPECTRAL NOISE DENSITY 



0 ±3.0 ±6.0 ±9.0 ±12 ±15 ±18 ±21 ±24 

Vcc, Vee, POWER SUPPLY VOLTAGE (Vdc) 



10 100 1.0 k 10 k 100 k 

f, FREQUENCY (Hz) 


FIGURE 3 - COMMON-MODE REJECTION 



1.0 10 100 1.0 k 10 k 100 k 1.0 M 10 M 100 M 

• , f, FREQUENCY (Hz) 


FIGURE 4 ~ OPEN-LOOP VOLTAGE GAIN 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 


Ta, AMBIENT TEMPERATURE (<>0 



1.0 10 100 1.0 k 10 k 100 k 1.0 M 10 M 100 M 

f, FREQUENCY (Hz) 


IfIGURE 6 - OPEN-LOOP VOLTAGE GAIN 



±5.0 ±10 ±15 ±20 

Vcc, Vee, supply voltages (Vdc) 
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Vo, OUTPUT VOLTAGE (Vp-p) 0. PHASE SHIFT (DEGREES) 


IVIC1456, MC1456C, IVIC1556 


TYPICAL CHARACTERISTICS (continued) 

/ 


FIGURE 7 - OPEN-LOOP PHASE SHIFT 



1.0 10 100 1.0k 10k look 1.0M 10M 100 M 

t.FRE(iUENCY(Hz) 

FIGURE 9 - POWER BANDWIDTH 



1.0 10 100 1.0 k 


f, FREQUENCY (kHz) 


FIGURE 8 - OUTPUT SHORT-CIRCUIT CURRENT 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 

Ta, AMBIENT TEMPERATURE (OC) 


FIGURE 10 - OUTPUT VOLTAGE SWING versus 



100 200 500 1.0 k 2.0 k 5.0 k 10 k 

RL, LOAD RESISTANCE (OHMS) 


FIGURE 11 - POWER DISSIPATION versus 



±2.0 ±4.0 ±6.0 ±8.0 ±10 ±12 ±14 ±16 ±18 ±20 ±12 

Vcc, VeE, POWE R supply VO LTAG E (Vdc) 



























MC1456, MC1456C, MC1556 


TYPICAL APPLICATIONS 

Where values are not given for external components they must be selected by the 
designer to fit the requirements of the system. 


FIGURE 12 - INVERTING FEEDBACK MODEL 




Z2 



Zj 





—• * 





hr"“ 

Vl 
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^0 

1 Vi 




1 
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(+) 
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2 _ 
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FIGURE 13 - NON INVERTING FEEDBACK MODEL 

I--1 

^ Z2 


Ao ^0 


IFAo(w)-oo IFR3 «Zi 





IVIC1456, IVIC1456C, MC1556 


TYPICAL APPLICATIONS (continued) 


FIGURE 16-LOGARITHMIC AMPLIFIER FIGURE 17 - VOLTAGE OFFSET NULL CIRCUIT 




See Application Note AN-261 A for further detail. 


FIGURE 18 - HIGH INPUT IMPEDANCE, HIGH OUTPUT 
CURRENT VOLTAGE FOLLOWER 



OUTLINE DIMENSIONS 
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ORDERING INFQRMATION 


Temperature Range 


MC1458G,CG,NG 

MC1558G,NG 

MC1458CL,CU,L, 

NUNU.U 

MC1558L,NL,NU,U 

MC1458CP1,CP2, 

NP1,NP2,P1,P2 


0°C to +70°C 
-SS'-C to +125°C 
0°C to +70^C 

-55°C to +125°C 
O^G to +70*^0 


Package 


Metal Can 
Metal Can 
Ceramic DIP 

Ceramic DIP 
Plastic DIP 


DUAL IVIC1741 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
MONOLITHIC OPERATIONAL AMPLIFIERS 


. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 


• No Frequency Compensation Required 

• Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage Ranges 

• LOw-Power Consumption 

• No Latch Up 

• Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted) 


'MC1458 MC1558 Unit 


±30 


+ 15 


Continuous 


Oto +70 -55 to+ 125 


-65 to +150 
-55 to +125 


Note 1. For supply voltages less than ± 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 2. Supply voltage equal to or less than 15V. 


Rating 

Symbol 

Power Supply Voltage 

Vcc 

Vee 

Input Differential Voltage 

V|D 

Input Common Mode Voltage (Note 1) 

V|CM 

Output Short Circuit Duration (Note 21 

IS 

Operating Ambient Temperature Range 

Ta 

Storage Temperature R ange 

Metal, Flat and Ceramic Packages 

Plastic Packages 

Tstg 

Junction Temperature 

Metal and Ceramic Package 

Plastic Package 

Tj 


IVIC1458IVIC1458N 

IVIC1458C 

MC1558IVIC1558N 


(DUAL MCI741) 

DUAL 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 

METAL PACKAGE 
CASE 601 

^CC 

fsW Output 





PI SUFFIX 

A PLASTIC PACKAGE 
CASE 626 

(MC1458,MC'1458C,MC1458N) 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 




Output A [T 
Inputs ( d 






L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 

PLASTIC PACKAGE 
CASE 646 

(M.Cl458,tyiC1458C,MC1458N) 


NC [T 
Output A (T 



13| NC 
^ Output 





















































MC1458, MC1458N, MC1458C, MC1558, IVIC1558N 


ELECTRICAL CHARACTERISTICS — Note 1.(Vcc = 15V,\/ee = 15\/,Ta = 25°C unless otherwise noted). 




Characteristic 


Input Offset Voltage , 

(RS<10k) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
(Vo = ±10 V, R|_ = 2.0 k) 
(Vo = ±10 V, Rl = 10 k) 


Output Resistance ___ 


Common Mode Rejection Ratio 

(Rs < 10 k)_ 


Supply Voltage Rejection Ratio 
' (Rs < 10 k) 


Output Voltage Swing ; 

(RL>10k) 

(RL>2k) 


Output Short-Circuit Current 


Supply Currents (Both Amplifiers) 


Power Consumption ^_' 


Transient Response (Unity Gain) 

(V| = 20mV, Ri_ >'2kn, Ci_ < 100 pF) Rise Time 
(V| = 20mV, Rl > 2 kn, Cl < 100 pF) Overshoot 
(V| = 10 V, Rl > 2 kn, Cl < lOO pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc°15 V, Vgg = ISV.Ta = 'Thinh toT|ow unless otherwise noted). 







Characterirtic 

Input Offset Voltage , 


(Rs<10kn) 


Input Offset Current 


(Ta = 125°C)' 


(Ta = -55°C) 


(Ta = 0°C to +70°C) 


Input Bias Current 


(Ta = 125°C) 


(Ta = -55°C) 


(Ta = 0°C.to +70°C) 


Common Mode Input Voltage Range 

Common Mode Rejection Ratio 


(Rs<10k) 


Supply Voltage Rejection Ratio 


(Rs<10k) 


Output Voltage Swing 


(RL>10k) 

- 

(RL>2k) 


Large Signal Voltage Gain 


(Vq = ±10 V, Rl= 2 k) 


(Vo = ±10 V, Rl = 10 k) 


Supply Currents (Both Amplifiers) 


(Ta = 125°C) 


(Ta = -55°C) 


Power Consumption 

(Ta = 125°C) 


(Ta = -55°C) 






mmamum 


♦Thigh = 125°Cfor MCI 558 and 70°C for MC1458, MC1458C 
Tinuu = -55°C for MCI 558 and 0°C for MC1458, MC1458C 


Note 1. Input pins of an unused amplifier must be grounded. 


MOTOROLA Semiconductor Rroducts inc^ 
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MC1458, MG1458N, MC1458C, MC1558, IVIC1558N 


NOISE CHARACTERISTICS (Applies for MC1558N and IVIC1458N only, Vcc 15 V, VeE = -15 V, Ta = 25°C) 


Characteristic 

Symbol 

MC1558N 

MC1458N 


Min 


U39I 


Typ 

Max 

Burst Noise (Popcorn Noise) 

(BW = 1.0 Hz to 1.0 kHz, t = 10 s, 

. Rs = 100 kfl) (Input Referenced) 

En 

■ 

■ 

20 

■ 

■ 

20 

■ 


FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 


FIGURE 2 - RMS NOISE versus SOURCE RESISTANCE 



FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 


FIGURE 4 - SPECTRAL NOISE DENSITY 



FIGURE 5 - BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 



To Pass/Fail 
Indicator 


For applications where low noise performance is essential, selected 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special noise test system. 
Unlike conventional peak reading or RMS meters, this system was 
especially designed to provide the quick response time essential to 
burst (popcorn) noise testing. 




Threshold 
Voltage 

The test time employed is 10 seconds and the 20 pV peak 
limit refers to the operational amplifier input thus eliminating 
errors in the closed-loop gain factor of the operational amplifier 
under test. 


MOTOROLA Semiconductor Products Inc. 
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VO.OUTPUT VOLTAGE SWING (Vp.pl Vq, OUTPUT VOLTAGE (Vp;p) Vq, OUTPUT VOLTAGE (V, 


MC1458, MC1458N, MC1458C, MC1558, IVIC1558N 


TYPICAL CHARACTERISTICS 

(Vcc -+15 Vdc, Vee = -15 Vdc, T/^ = +25°C unless otherwise noted). 


FIGURE 6 -POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 


l■lllllll 

niiiiiiii 


iiiiiiiii 


FIGURE 7-OPEN LOOP FREQUENCY RESPONSE 



■B 


f, FREQUENCY (Hz) 

f, FREQUENCY (Hz) 

FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 

FIGURE 9 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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600 700 1.0 k 2.0 k 6.0 k 7.0 k 10 k 

RL, load resistance (OHMS) 


FIGURE 10 - OUTPUT VOLTAGE SWING versus 
load RESISTANCE (Single Supply Operation) 


FIGURE 11 - SINGLE SUPPLY INVERTING AMPLIFIER 




_ +6.0 V-^-1— 

+5.0 v|- I "• I I 

1.0 2.0 3.0 -4.0 5.0 6.0 7.0 

RL, LOAD RESISTANCE (kS2) 



MOTOROLA Semiconductor Rroducts tnc. 
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MC1458SG 

MC1458SL 

MC1458SP1 

MC1458SP2 

MC1458SU 

MC1558SG 

MC1558SL 

MC1558SU 


Temperature Range 


0°C to +70°C 
O^C to +70°C 
O^C to +70°C 
0°C to +70°C 
0°C to +70°C 
-55°C to+125°C 
-55°C to +125°C 
-55°C to +125°C 


Package 


Metal Can 
Ceramic DIP 
Plastic DIP 
Plastic DIP 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Ceramic DIP 


MC1458S 

MC1558S 


DUAL HIGH SLEW-RATE INTERNALLY- 
COMPENSATED OPERATIONAL AMPLIFIERS 

The MC1558S is functionally equivalent, pin compatible, and 
possesses the same ease of use as the popular MC1558 circuit, yet 
offers 20 times higher slew rate and power bandwidth. This device is 
ideally suited for D/A converters due to its fast settling time and 
high slew rate. ■ 

• High Slew Rate — 10 V/#is Guaranteed Minimum (for inverting 

unity gain only) 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 


TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 

V^^f = 2.0 Vdc 

Vcc = 5.0 V R1 = R2S1.0kJi 

f Rn = 5.0kn 


MSB A1 5 o— 

A2 6 o— 

7 o—- 

A4 8 0— MC1508L-8 
MC1408L 

A5 9 o—■ Series 


15 pFi 
Vee = -15 V 


Settling time to within 1/2 LSB (±19.5 mV) is approxi¬ 
mately 4.0 MS from the time that all bits are switched. 
*The value of C may be selected to minimize overshoot 
and ringing (C =» 68 pF). 


Theoretical Vq 

Vref fAl A2 A3 A4 A5 A6 A7 A8 1 

Vo ~ - 1 — -'*■ -— I 

R1 ‘-' [ 2 4 8 16 32 64 128 256 J 

Adjust V^ef, Rl or Rq so that Vq with all digital inputs at high level 
is equal to 9.961 volts. , 

2 V f 1 1 1 1 111 1 1 [2551 

Vo =- {5 k I — +~ +—-F +— + — -- +- = 10 V -1= 9.961 V 

^ Ik [ 2 4 8 16 32 64 128 256 J 


OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 

METAL PACKAGE 
CASE 601 


Non-Inverting 
Input A 




Non-Inverting 
Input B 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1458S only) 


Inverting 
Input A 
Non-Inverting 
Input A 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1458S Only) 



Inverting 
Input B 
Non-I nverting 
Input B 


U SUFFIX 

CERAMIC PACKAGE 
CASE.693 


Non-InvertIng 

Input A L- 



^ Inverting 
—1 Input 6 

E Non-Inverting 
Input B 
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Output Short Circuit Duration 


Operating Ambient Temperature Range 


Storage Temperature Range , 


Junction Temperature Ceramic and Metal Package 

Plastic Package 


Note 1. For supply voltages less than ±15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 


MOTOROLA Semiconductor Rroducte Inc. 
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electrical characteristics i Vqq “ +15 Vdc, —15 Vdc, Ty\ = +25°C unless otherwise noted.) 


Characteristic 


Power Bandwidth (See Figure 3) 

Av ' 1. Rl = 2.0 kn.THD = 5%; Vq = 20 V(p-p) 


Large-Signal Transient Response 
Slew Rate (Figures 10 and 11) 
V(-) to V(+) 

V(+)toV(-) 

Settling Time (Figures 10 and 11) 
(to within 0.1%) 


Small-Signal Transient Response 

(Gain = 1, Ejn = 20 mV, see Figures 7 and 8) 
Rise time 
Fall Time 

Propagation Delay Time 
Overshoot 


Short-Circuit Output Currents 


Open-Loop Voltage Gain (Rl = 2.0 ko) (See Figure 4) 
Vo = ±10 V 


Output Impedance (f = 20 Hz) 


Input Impedance If = 20 Hz) 


Output Voltage Swing 
Rl = 10 kfj 
Rl = 2.0 kS2 



nput Common-IVIode Voltage Swing 


Input Bias Current (See Figure 2) 


Input Offset Current 


Input Offset Voltage (Rs = < 10 kf2) 


DC Power Consumption (See Figure 9) 
(Power Supply = ±16 V, Vq = 0) 


Positive Voltage Supply Sensitivity 
(Vee constant) 


Negative Voltage Supply Sensitivity 
(Vcc constant) 


** Plastic package'offered in limited temperature range device only. 

ELECTRICAL CHARACTERISTICS (Vcc = 15 Vdc, Vee =-15 Vdc, T^ =-55 to+125°C for MC1558S and Ta = 0 to 70°C for 

l\/IC1458S, unless otherwise noted.) 


MC1558S 


Characteristic 

Symbol 

Open Loop Voltage Gain 

AvOL 

Vq = ±10 V 


Output Voltage Swing 

Rl = 10 kn 

Rl = 2 kn 

Vo ' 

Input Common-Mode Voltage Range 

V|CR 

Commo.i-Mode Rejection Ratio (f = 20 Hz) 

CMRR 

Input Bias Current 

Ta = 125°C 

Ta = -55°C 

Ta = 0 to 70°C 

>IB 

Input Offset Current 

Ta = 125°C 

t|0 

Ta = -55°C 

Ta = 0 to 70°C 


Input Offset Voltage 

Rs <10 kn 

Vio 

DC Power Consumption 

Vo = 0 V 

Pc ' 

Positive Power Supply Sensitivity 

Pss+ 

Vee=-15V 


Negative Power Supply Sensitivity 

Vcc = 15 V 

Pss- 



(g) MOTOROLA Semiconductor Rroducts Inc. 
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Pc, POWER CONSUMPTION (mW) 


MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 

(Vcc =+15 Vdc, VgE = -15 Vdc, = +25°C unless otherwise noted.) 


FIGURE 6 - SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 



FIGURE 8 - POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 



2.0 6.0 10 14 18 22 

Vcc and Vee, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 - SMALL-SIGNAL TRANSIENT RESPONSE 



FIGURE 9 - LARGE-SIGNAL TRANSIENT WAVEFORMS 







FIGURE 10 - SLEW RATE AND SETTLING TIME TEST CIRCUIT* 


10 k* 
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SETTLING TIME 

In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con¬ 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 

SETTLING TIME MEASUREMENT 

In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the "false" 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult tode- 
termine when the waveform at the output of the op¬ 
erational amplifier settles to within 0.1% of it's final 
value. Because the output and input voltages are ef¬ 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 


The solution to these problems is the creation of a 
second or "false" summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure¬ 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con¬ 
sidered. The expression 


can be used to determine the actual amplifier settling 
time, where 

tsetig = observed settling time 

X = amplifier settling time (to be determined) 
y = false summing junction settling time 
z = oscilloscope settling time 

It should be remembered that to settle within ±0.1% 
requires 7RC time constants. 

The ±0.1% factor was chosen for the MC1558S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L-8 digital-to-analog converter. 
This D-to-A converter features ±0.19% maximum error. 


TYPICAL APPLICATION 

FIGURE 13- 12.5-WATT WIDEBAND POWER AMPLIFIER 


FIGURE 11 - WAVEFORM AT 
FALSE SUMMING NODE 



MCL1304 
or Equivalent ( 
(Current 
Limiting 
Diode) 


t MPS-A12** 
?or Equivalent 


/ MJ E1100 
or Equivalent 


FIGURE 12- EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 



MJE1090 \ 
or Equivalent 


MCL1304 
ir Equivalent 
(Current ^ 
Limiting ( 
Diode) 


Delivers 12.5 watt into 4.0 ohms with less than 1% THD to 100 kHz. < I 

Pins not shown are not connected. 5 

*6ia$ current adjustment to eliminate Crossover Distortion. I 

••Epoxy to power transistor heat sink or case for maximum Thermal Feedback. 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


MOTOROLA Semiconetuctor Rroducts Inc. 
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OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feed¬ 
back components. 

• High-Performance Open Loop Gain Characteristics 

Avol ” 45,000 typical 

• Low Temperature Drift — ±3.0 typical (MC1709) 

• Large Output Voltage Swing — ±14 V typical @ ±15 V Supply 

• Low Output Impedance — Zq = 150 ohms typical 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltage ''^CC 

Vee 


Input Differential Voltage Range 


Input Common-Mode Range 


Output Load Current 


Output Short-Circuit Duration 


Power Dissipation (Package Limitation) Pq 

Metal Can 

Derate above Ta = +25°C 


Flat Package 

Derate above T/\ = +25°C 
Plastic Dual In-Line Packages (MC1709C only) 
Derate above Ta = +25°C 
Ceramic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Ambient MC1709A, MC1709 Ta 

Temperature Range MCI 709C 


Storage Temperature Range 
Metal and Ceramic Packages 
Plastic Packages 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 
input Freq. Comp. 

Input 

Comp. 

Inv. InputfzV . 



^Output 

Freq. Comp. 



G SUFFIX 
METAL PACKAGE 
CASE 601 


F SUFFIX 

CERAMIC PACKAGE 
CASE 606-04 
TO-91 


N.C. 1 
In Freq. Comp. 2l 
Inv. Input 3 
Non-Inv. In 4' 

VeE 5 


PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC1709C only) 




10 N.C. 

9 In Freq. Comp. 

8 -Vcc 

7 Output 
6 Out Freq. 
Comp. 




-65 to +150 
-55 to +125 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



Input Freq. p—. 
Comp. LL- 
Inv. Input I ^ 
Norvinv. Input 1 3 


Input Freq. 

Comp. *— 
Inv. Input 

Non*lnv. Input 


P2 SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1709C only) 


__ input Freq. 
Comp. 

Z] Vcc 

^ Output 
" 5 ] Output Freq. 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 02 
TO-116 
' 0 N.C. 

^ N.C. 

0 Input Freq. 
Comp. 

2j]vcc 

^ Vo] Output 

S Output Freq. 

Comp. 

'si N.C. 
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MC1709, MC1709A, IVIC1709C 


Typ 

Max 

, 0.6 

2.0 

10 

50 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V < Vcc < 15 V, -9.0 V > Vee >-15 V, Ta = 25®C) 


I MC1709A I MC1709 

Characteristic Symbol 


Input Offset Voltage V|o 

(Rs<10kn) 


Input Offset Current 


Input Bias Current 


Infjut Resistance 


Output Resistance 


Power Supply Currents 

(Vce = 15 V, Vee = -15 V) 


Power Consumption 

(Vcc = 15 V, Vee =-15 V) 


Transient Response 

(Vcc = 15 V, Vee * -15 V) see Figure 8 
Risetime 
Overshoot 



ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V < Vcc < 15 V. -9.0 V > Vee >-15 V, Ta = -55®C to+125°C) 


I MC1709A I MC1709 

Symbol 


V|0 


Characteristic 


Input Offset Voltage 
(RS < 10 kO) 


Average Temperature Coefficient of Input Offset Voltage 
(RS = 50 n. Ta = 25°C to 125°C) 

(Rs = 50 n, Ta = -55®C to 25°C) 

(RS = 50 n, Ta = -55°c to 125°C) 

(Rs = 10 kn, Ta = 25°c to 125°C) 

(Rs = 10 kO, Ta = -55°C to 25°C) 

(Rs = 10 kn, Ta = -55°C to 125°C) 


Input Offset Current 
(Ta = -55°C) 

(Ta = 125OC) 


Average Temperature Coefficient of Input Offset Current 
(Ta = -55®C to 25®C) 

"(Ta = 25°C to 125°C) 


Input Bias Current 
(Ta = -55°C) 


Input Resistance 
(Ta = - 55 OC) 


Input Common-Mode Voltage Range 
(vcc= 15 V, Vee =-15 V) 


Common Mode Rejection Ratio 
(RS<10kn) 


Supply Voltage Rejection Ratio 

(Vcc = 15 V, Vee = -15 v, Rs<io kn) 


Large Signal Voltage Gain 

(Vcc = 15 V, Vee =-15 V, Ri_>2.0 kn, 
Vo=±15V) 


Output Voltage Range 

(Vcc = 15 V, Vee =-15 V) 

(Rl>io kn) 

(RL>2.0kn) 


Power Supply Currents 

(Vcc = 15 V, Vee =-15 V) 
(Ta = -55°C) 

(Ta = 125‘’C) 


Power Consumption 

(Vcc = 15, Vee = -15 V) 
(Ta = -55°C) . 

(Ta = 125°C) 











































































































































MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15 V, = -15 V, = 25°C) 


Characteristic 

Symbol 

MC1709C 

Unit 

Min 

Typ 

Max 

Input Offset Voltage 

V|0 

- 

■ngum 

7.5 

mV 

(RS < 10 kn, 9.0 V < 15 V,-9.0 V > Vgg > -15 V) 






Input Offset Current 

l|0 

- 

100 

500 

nA 

Input Bias Current 

'IB 

- 

300 

1500 

nA 

Input Resistance 

n 

50 

250 

- 

kCl 

Output Resistance 

ro 

- 

150 

- 

a 

Power Consumption 

Pc 


80 

200 

mW 

Large Signal Voltage Gain 

Av 

15 

45 

- 

V/mV 

,(Rl> 2.0kn,Vo = ±10V) 






Output Voltage Range 

VOR 




V 

(RL>10kn) 


±12 

±14 



(Rl.>2.0kn) 


±10 

±13 

- 


Input Common-Mode Voltage Range 

V|CR 

±8.0 

±10 

- 

V 

Comrnon Mode Rejection Ratio 

CMRR 

65 

90 

- 

dB 

(Rs<10kn) 






Supply Voltage Rejection Ratio 

PSRR 

- 

25 

200 

pV/V 

(Rs<10kn) 






Transient Response 






See Figure 8 






Rise Time 

Ttlh 

- 

0.3 

- 

MS 

Overshoot 

OS 

- 

10 

- 

% 


ELECTRICAL CHARACTERISTICS (unless otherwise specified, Vqc = 15 V, Vgg = -15 V, = 0°C to 70°C) 


Parameter 

Symbol 

MC1709C 

Unit 

Min 

Typ 

Max 

Input Offset Voltage 

(Rs < 10 kfi, 9.0 V < Vcc < 15 V, -9.0 V > Vgg > 15 V) 

V|o 



10 

mV 

Input Offset Current 

•lO 

- 

- 

750 

nA 

Input Bias Current 

<IB 

- 


2.0 

mA 

Large Signal Voltage Gain 

(Rl > 2.0 kn, Vq = ±10 V) 

Av 

12 


~ 

V/mV 

Input Resistance 

ri 

35 

- 

■- 

kn 


TYPICAL CHARACTERISTICS 

FIGURE 2-TEST CIRCUIT 

(Vcc = +15 Vdc, Vgg = -15 Vdc, Ta = +25°C) 



Fig. 

No. 

Curve No. 

Test Conditions 

R,(a) 

RjCn) 


C,(pF) 

Cj(pF) 

3 

1 

10 k 

10 k 

1.5 k 

5.0 k 

200 


2 

10 k 

100 k 

1.5 k 

500 

20 


3 

10 k 

1.0 M 

1.5 k 

100 

3.0 


4 

1.0 k 

1.0 M 

0 

10 

3.0 

4 

1 

1.0 k 

1.0 M 

0 

10 

3.0 


2 

10 k 

1.0 M 

1.5 k 

100 

3.0 


3 

10 k 

100 k 

1.5 k 

500 

20 


4 

10 k 

10 k 

1.5 k 

5.0 k 

200 

5 

1 

0 

oo 

1.5 k 

5.0 k 

200 


2 

0 

00 

1.5 k 

500 

20 


3 

0 

00 

1.5 k 

100 

3.0 


4 

0 

00 

0 

10 

3.0 
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SLEW RATE (V/ys) Av, VOLTAGE GAIN (dB) Vq, OUTPUT VOLTAGE (Volts peak to peak) 


IVIC1709, MeT709A, MC1709C 


FIGURE 3 - LARGE SIGNAL SWING versus FREQUENCY 



FIGURE 5 - OPEN LOOP VOLTAGE 
GAIN versus FREQUENCY 



100 1.0 k 10 k 100 k 1.0 M 10 M 

t, FREQUENCY (Hz) 


FIGURE 7 - SLEW RATE versus CLOSED LOOP GAIN 
USING RECOMMENDED COMPENSATION NETWORKS 



CLOSED LOOP GAIN (VOLTS) 


FIGURE 4 - CLOSED LOOP VOLTAGE 
GAIN versus FREQUENCY 



FIGURE 6 - VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 



0 5.0 10 15 20 

Vcc and Vee, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 - TRANSIENT RESPONSE TEST CIRCUIT 

10 k 
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ORDERING INFORMATION 


Device 

MC1712F 

MC1712Q 

MC1712L 

MC1712CF 

MC1712CG 

MC1712CL 

MC1712CP 


Temperature Range 

-55“C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
O^C to +70°C 
0"C to +70°C 
0°C to +70°C 
0°C to +70“C 


Package 

Ceramic Flat 
Metal Can 
Ceramic DIP 
Ceramic Flat 
Metal Can 
Ceramic DIP 
Plastic DIP 


MC1712 

MC1712C 


WIDEBAND DC AMPLIFIER 

. . . designed for use as an operational amplifier utilizing operating 
characteristics as a function of the external feedback components. 


WIDEBAND DC AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• Open Loop Gain A\/OL “ 360Q typical 

• Low Temperature Drift - ±2.5 /iV/°C 

• Output Voltage Swing — 

±5.3 V typical @ +12 V and -6 V Supplies 

• Low Output Impedance — Zq = 200 ohms typical 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted! 


Power Supply Voltage 
(Total between V(;q and Vgg terminals) 


Input Differential Voltage Range 


Input Common Mode Range 


Peak Load Current 


Power Dissipation (Package Limitation) 
Metal Package 
Derate abot/e Ta = +25°C 
F lat Ceramic Package 
Derate above Ta = +25°C 
Dual In-Line Ceramic Package 
Derate above Ta = +25°C 


Operating Ambient MC1712 

Temperature Range MC1712C 


Storage Temperature Range 



GSUFFIX 
METAL PACKAGE 
CASE 601 




F SUFFIX 

CERAMIC PACKAGE 
CASE 606 
TO-91 


N.C. 1 
Gnd 2 
Inv. Input 3 
Non-Inv. Input 4l 
Vee 51 


P SUFFIX 

PLASTIC PACKAGE 




10 Vcc 
9 N.C. 

8 Output 
7 Lag Comp. 
6 Lead Comp. 




LSUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 














































MC1712 ELECTRICAL CHARACTERISTICS = 25°C unless otherwise specified) 


Input Offset Voltage 
(Rs < 2 kn) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Voltage Range 


Common Mode Rejection Ratio 
(RS< 2 kn, f < 1 kHz) 


Large Signal Voltage Gain 

(Rl> lOOkn, Vout= ±5.0V) 
(Rl> 100 kn, Vout= ±2.5 V) 


Output Resistance 


Supply Current 
(Vout = 0) 


Power Consumption 
IVout = 0) 


Transient Response (Unity-Gain) 

(Cl = 0.01 pF, R1 = 20 a, Rl < 100 kn, 
Vjn = 10 mV, Cl < 100 pF) 

Rise Time 
Overshoot 


Transient Response (xlOO Gain) 

(C3 = 50 pF, Rl > 100 ka, V|n = 1 mV) 
Rise Time 
Overshoot 


The following specifications apply for -55°C < T;^ < ■H25®C 


Input Offset Voltage V|o 

(Rs < 2 ka) 


Average Temperature Coefficient 
of Input Offset Voltage 
(Rs = 50 a, Ta = 25°C to 125°C) 
(Rs = 50 a, Ta = 25°C to -55OC) 


Input Offset Current 
(Ta = +125°CI 
(Ta = -55°C) 


Average Temperature Coefficient 
of Input Offset Current 
(Ta = 25°C to ■H25«C) 

(Ta = 25°C to -55°C) 


Input Bias Current 
(Ta = -SB^C) 


Input Resistance 


Common Mode Rejection Ratio 
(RS< 2 ka,f < 1 kHz) 


Supply Voltage Rejection Ratio 

(Vcc = 12 V, Vee = -6 0 V to Vcc = 6.0 V, 
VEE = -3.0V,Rs<2ka) 


Large Signal Volta^ Gain ' 

(Rl > 100 ka, Vout = ±5.0 V) 
(Rl > 100 ka, Vout = ±2.5 V) 


Output Voltage Swing 
(RL>100ka) 

(Rl> 10 ka) 


Supply Current 

(Ta = +125°C, Vout = 0) 
(Ta = -55°c, Vout = 0) 


Power Consumption 

(Ta = +125°c, Vout = 0) 
(Ta = -55°c, Vout = 0) 
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MC1712C ELECTRICAL CHARACTERISTICS (T;^ = 25°C unless otherwise specified) 



Input Offset Voltage 
(Rs<2kn) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Voltage Range 


Common Mode Rejection Ratio 
(Rs < 2 kn, f < 1 kHz) 


Large Signal Voltage Gain 

(Rl > 100 kn, Vout = ±5.0 V) 
(Rl > 100 kO, Vout = ±2.5 V) 


Output Resistance 


Supply Current 
(Vout = 0) 


Power Consumption 

(Vout = 0) 


Transient Response (Unity-Gain) 

(Cl = 0.01 pF, R| = 20 n, Rl < 100 kn, 
V|ri = 10 mV, Cl « 100 pF) 

Rise Time 
Overshoot 


Transient Response (xlOO Gain) 

(C3 = 50 pF, Rl > 100 kO, V|n = 1 mV) 
Rise Time 
Overshoot 


The following specifications apply for 0°C < Ty\ < +70°C 


V|0 


Input Offset Voltage 
(Rs<2kn) 


Average Temperature Coefficient 
of Input Offset Voltage 
(Rs = 50 n, Ta * +70°C to 0°C) 


Input Offset Current 


Average Temperature Coefficient 
of Input Offset Current 
(Ta = 25°C to +70°C) 

(Ta = 25°C to 0°C) 


Input Bias Current 
(Ta = 0°C) 


Input Resistance 


Common Mode Rejection Ratio 
(Rs< 2kn,f < 1 kHz) 


Supply Voltage Rejection Ratio 

(Vcc = 12 V, Vee = -6.0 V to Vcc = 6.0 V, 
Vee = -3.0 V, Rs < 2 kn) 


Large Signal Voltage Gain 

(Rl> 100 kO, Vout = ±5.0 V) 
(Rl > 100 kI2, Vout = ±2.5 V) 


Output Voltage Swing 
(RL^IOOkO) 

(Rl > 10 kn) 


Supply Current 
<Vout = 0) 


Power Consumption 

(Vout = 0) 




aV|oMT 


ho 


AIiqMT 


25 

10 

120 

50 

10 

20 

30 

40 
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Vo, OUTPUT VOLTAGE SWING (Vp-P) Av. VOLTAGE GAIN (dB) A„ol OPEN-LOOP VOLTAGE GAIN (V/V) 




f, FREQUENCY (MHz) 


FIGURE 4 - MAXIMUM OUTPUT SWING 
versus FREQUENCY 
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FIGURE 5 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE ’ 
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1 Viol. INPUT offset voltage (mV) l,g ,^^07 BIAS CURRENT UtA) 


MC1712, MC1712C 


TYPICAL CHARACTERISTICS(continued) 


FIGURE 6 - INPUT BIAS CURRENT 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Ta. AMBIENT TEMPERATURE (“Cl 


FIGURE 7 - INPUT OFFSET CURRENT 
versus TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

T;^, AMBIENT TEMPERATURE (“O 


FIGURE 8 - INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


FIGURE 9 - OUTPUT NOISE VOLTAGE 
versus SOURCE IMPEDANCE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

Ta, ambient TEMPERATURE (“0 
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See last page of data sheet for ordering information. 


MC1741,MC1741C 

MC1741N,MC1741NC 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIERS 

.. . designed for use as a summing amplifier, integrator, or amplifier with 
operating characteristics as a function of the external feedback 
components. 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 

• Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating Symbol MC1741C MC1741 


Power Supply Voltage "'■^8 

Vee -18 


Input Differential Voltage 


Input Common Mode Voltage (Note 1) 


Output Short Circuit Duration (Note 21 


Operating Ambient Temperature Range 


Storage Temperature Range 
Metal, Flat and Ceramic Packages 
Plastic Packages 


Junction Temperature Range 
Metal and Ceramic Packages 
Plastic Packages 


Note 1. For supply voltages less than ± 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note2. Supply voltage equal to or less than 15 V. 



OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 

METAL PACKAGE 
CASE 601 


Noninvt Inpu 



PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 

(MC1741C,MC1741 NO 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 




Offset Null E Zinc 

Invt Input 3Vcc 

Noninvt lnput|];—|j/^3 Output 

Vee E ] P Offset Null 

(Top View) 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 

(MC1741C,MC1741NC) 






















































MC1741, MC1741C, MC1741N, MC1741NC 


ELECTRICAL CHARACTERISTICS ( Vgc = 15 V, Vgg = 15 V, T/^ = 26®C unless otherwise noted). 


Input Offset Voltage 
{Re < 10 k) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
(Vo = ±10V, RL>2.0k) 


Output Resistance 


Common Mode Rejection Ratio 
(Rs<10k) 


Supply Voltage Rejection Ratio 
{Rs<10k) 


Output Voltage Swing 
(RL>10k) 
(RL>2k) 


Output Short-Circuit Current ' 


Supply Current , 


Power Consumption 


Transient Response (Unity Gain - Nop-lnverting) 

(V| = 20mV, Rl > 2 k, Cl < 100 pF) Rise Time 
(V(-= 20 mV, Rl > 2 k, Cl < 100 pF) Overshoot 
(V| = 10 V, Rl > 2 k. Cl < 100 pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, 


Input Offset Voltage 
(Rs<10kJ2) ' 


Input Offset Current 
(Ta = 125°C) 

(Ta = -55°C) 

(Ta = 0°C to -^70°C) 


Input Bias Current 
(Ta = 125^0 
(Ta = -55°C) 

(Ta = 0°C to +70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Rs<10k) 


Supply Voltage Rejection Ratio 
(Rs<10k) 


Output Voltage Swing 
(RL>10k) 
(RL>2k) 


Large Signal Voltage Gain 

(RL>2k, Vout = ±10V) 


Supply Currents 
(Ta= 125OC) 
(Ta - -55OC) 


•Thigh - 125°C for MCI741 and 70°C for MCI 741C 
T|ow “ -55°C for MCI 741 and 0°C for MC1741C 
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MC1741, MC1741C, MC1741N, MC1741NC 


MOISE CHARACTERISTICS (Applies for MCI 741 N and MCI 741NC only, Vcc = ISV.Vee = -15V, Ta =+25°C) 


Characteristic 

Symbol 

MC1741N 

MCI 741NC 

■1 


_Tyn 



_Tvp 

Max 

Burst Noise (Popcorn Noise) 

(BW= 1.0 Hz to 1.0 kHz,t = 10 s, Rs = 100 k) 

(Input Referenced) 

En 

■ 

■ 

20 

■ 

■ 

20 

pV/peak 


FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 


FIGURE 2 - RMS NOISE versus SOURCE RESISTANCE 



100 1.0 k 10 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 


FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 



1.0 k lAk 

f, FREQUENCY (Hz) 


FIGURE 5 - BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 



, To Pass/Fail 
Indicator 


For applications where low noise performance is essential, selected 
devices denoted by an N suffix are offered. These units have been 
100 % tested for burst noise pulses on a special noise test system. 
Unlike conventional peak reading or RMS meters, this system was 
especially designed to provide the quick response time essential to 
burst (popcorn) noise testing. 




Voltage 

The test time employed is 10 seconds and the 20 pV peak 
limit refers to the operational amplifier input thus eliminating 
errorsi in the closed-loop gain factor of the operational amplifier 
under test. 
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MC1741, MC1741C, MC1741N, IVIC1741NC 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, V 0 E = -15 Vdc, = +25°C unless otherwise noted). 


FIGURE 6 - POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCVI 


FIGURE 7-OPEN LOOP FREQUENCY RESPONSE 


(VOLTAGE FOLLOWER) 
THD<5% 
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1.0 <0 100 1.0 k 10 k 100 k 1.0 M H 

f, FREQUENCY (Hz) 

f, FREQUENCY (Hz) 

FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus'LOAD RESISTANCE 

FIGURE 9 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 10 - Output voltage swing versus 
LOAD RESISTANCE (Single Supply Operation) 


FIGURE 11 - SINGLE SUPPLY INVERTING AMPLIFIER 


■?1+30 V Supply 
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FIGURE 12 - NON-INVERTING PULSE RESPONSE 
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FIGURE 14 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


FIGORE 13 - TRANSIENT RESPONSE TEST CIRCUIT 


To Scope 
(Input) 



To Scope 
(Output) 


0 2,0 4.0 B.0 8.0 10 12 14 16 

VCC. IVEEI. supply voltages (VOLTS) 


ORDERING INFORMATION 



Oe 

5 

e 

Temperature 

Alternate Range Package 



MC1741CF,NCF 
MCI 741CG 
MCI 741 CL 
MCI 741 CPI 
MC1741CP2, 
NCP1, NCP2 
MC1741CU,NCU 
MC1741F,NF 
MC1741G,NG 
MC1741L,NL 
MC1741U,NU 
MC1741NCG 
MC1741NCL 


LM741CD./iA741HC 

LM741CD,/*A741DC 

LM741CN,//A741TC 


O'C to -i-70‘’C 
O'C to -t-70'’C 
0°C to -|-70°C 
0°C to -|-70°C 

0°C to -1-70'^ 
-55'C to -f125'’C 
-SS'C to -|-125'>C 
-55“C to -)-125“C 
-SS'C to +125°C 
0°C to -F7(rC 
O'C to -(-70°C 


Metal Cali 
Ceramic DIP 
Plastic DIP 
Plastic DIP 

Ceramic DIP 
Ceramic Flat 
Metal Can 
Ceramic DIP 
Ceramic DIP 
Metal Can 
Ceramic DIP 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating .typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirety reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. , 
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ORDERING INFORMATION 


Device Temperature Range 


MC1741SG 

MC1741SU 

MC1741SCG 

MC1741SCP1 

MC1741SCU 


-55°C to +125°C 
-55“C to +12500 
0^0 to +70^0 
0°C to +70°C 
0°C to +7000 


Package 


Metal Oan 
Oeramic DIP 
M^l Oan 
Plastic DIP 
Oeramic DIP 


HIGH SLEW-RATE INTERNALLY-COMPENSATED 
OPERATIONAL AMPLIFIER 

The MCI741 S/MCI741 SC is functionally equivalent, pin com¬ 
patible, and possesses the same ease of use as the popular MCI741 
circuit, yet offers 20 times higher slew rate and power bandwidth. 
This device is ideally suited for D-to-A converters due to its fast 
settling time and high slew rate. 

• High Slew Rate — 10 V/fis Guaranteed Minimum (for unity gain only) 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 


TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 


V,e, - 2.0 Vdc 
R1 = B 2 S 1,0 
Rq - 5,0 kSi 


MC1741S 

MC1741SC 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P7 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


Pins not shown are not connected. 

Settling time to within 1/2 LSB (±19.5 mV) is approxi¬ 
mately 4.0 AS from the time .^that all bits are switched. 
*The value of C may be selected to minimize overshoot 
and ringing (C 150 pF). 


Theoretical Vo , 

w Vref,„ , fA1 A2 A3 A4 A5 A6 A7 ABl 
R1 “ l 2 4 8 16 32 64 128 256] 

Adjust Vref, R1 or R q so that Vq with all digital inputs at high level 
isequal to 9.961 volts. 

w [1111111 1 1 „ [255] 

Vo=—(5k) 1-+-+-+—+—+ —+—+—|=10V — =9.961 V 
Ik [2 4 8 16 32 64 128 256] [256j 










































MC1741S, MC1741SC 


CIRCUIT SCHEMATIC 



MAXIMUM RATINGS (T^ = 425°c unless othervuise noted.) 


Rating 

Symbol 

Value 

Unit 

MCI 741 SC 

MC1741S 

Power Supply Voltage 

Vcc 

-H8 

+22 

Vdc 


VeE 

-18 

-22 


Differential Input Signal Voltage 

V|D 

±30 

Volts 

Common-Mode Input Voltage Swing (See Note 1) 

VlCR 

±15 

Volts 

Output Short-Circuit Duration (See Note 2) 

«s 

Continuous 


Power Dissipation (Package Limitation) 

Pd 




Metal Package 


680 

mW 

Derate above T^ = -i-25°C 


4.6 

mW/°C 

Plastic Dual In-Line Package 


625 

mW 

Derate above T/^ =+25°C 


5.0 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to -475 

-55 to +125 

°C 

Storage Temperature Range 

^stg 



mgmm 

Metal Package 


-65 to ■4150 


Plastic Package 


-55 to -4125 



Note 1. 
Note 2. 


For supply voltages less than ±15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Supply voltage equal to or less than 15 Vdc. 


FIGURE 2 - INPUT BIAS CURRENT versus TEMPERATURE 




MOTOROLA S&miconductor Pro€tucts tnc. 


3-78 









































MC1741S, MC1741SC 


ELECTRICAL CHARACTERISTICS (V^q = +15 Vdc, Vgg = -15 Vdc, T/\ = +25*^0 unless otherwise noted.) 




MC1741S 

IVIC1741SC 


Characteristic 

Symbol 

1201 

Typ 


Min 

Typ 

Max 

Unit 

Power Bandwidth (See Figure 3) 

BWp 







kHz 

Ay = 1 ,Rl= 2.0kn,THD = 5%, Vo = 20V(p-p) 


150 

200 


150 

200 



Large-Signal Transient Response 




umi 



■^mi 


Slew Rate (Figures 10 and 11) 

SR 








V(-)to V(+) 


10 

20 


10 

20 


V/ps 

V(+)toV(-) 


10 

12 


10 

12 

^^m 


Settling Time (Figures 10 and 111 

'setig 

- 

3.0 


- 

3.0 


MS 

(to within 0.1%) 









Small-Signal Transient Response 


■■■ 


miH 

■mil 


■■■ 


(Gain = 1, Ejf, = 20 mV, see Figures 7 and 8) 









Rise Time 

tTLH 


0.25 



0.25 


MS 

Fad Time 

tTHL 


0.25 



0.25 


MS 

Propagation Delay Time 

tPLH.tPHL 


0.25 



0.25 


MS 

Overshoot 

OS 


20 



20 


% 

Short-Circuit Output Currents 

•os 

MBSM 

- 

mm 

mm 

- 

msH 

KS3H 

Open-Loop Voltage Gain (R - 2.0 kSl) (See Figure 4) 

Ayol 






mmi 

mmi 

Vo ^ +10 V, Ta •= +25°C 


50,000 

200,000 


20,000 

100,000 



Vo ° -10 '7i Ta ° T|oyy* to Thigh* 


25,000 

- 


15,000 

- 

^^hI 

imi 

Output Intpedance (f 20 H 2 I 

Zq 

- 

75 

- 

- 

75 

- 

S2 

Input Impedance (f - 20 Hz) 

ti 

0.3 

1.0 

- 

0.3 


- 

mEQH 

Output Voltage Swing 

Vo 



■■H 



umi 

Vpk 

Rl = 10 kn, Ta = Tiow to Thigh (MCI 741S only) 


±12 

±14 


±12 

±14 



Rl = 2 .0kU, Ta = +25*^0 


±10 

±13 


±10 

±13 



Rl - 2.0 kn, Ta * T|oyy to Thigh 


±10 

- 


±10 

- 

^mi 


Input Common-Mode Voltage Range 

V|CR 

±12 

±13 

Mill 

±12 

+13 

- 

Vpk 

TA = T|dw to Thigh (MCI 741S) 









Common-Mode Rejection Ratio (f = 20 Hz) 

CMRR 

70 

90 


70 

90 

mmi 

dB 

Ta = T|ow to Thigh (MCI 741S) 







^mi 


Input Bias Current (See Figure 2) 

'IB 







nA 



- 

200 

500 


200 

500 


Ta - T|ow 


- 

500 

1500 


1 - 



Input Offset Current 

I'lOl 

■■■ 



imM 



nA 

Ta = +25°C and Thigh 



30 

200 


30 

200 


Ta - 7|oyy 



- 

500 


- 

300 


Input Offset Voltage (Rs = <10 knl 

|V|ol 




■mi 



nm^m 

Ta = +25°C 



10 

5.0 



6.0 

|H 

Ta “ T|oyy to Thigh 



- 

6.0 


mm 

7.5 

mm 

DC Power Consumption (See Figure 9) 


■■nil 



imm 



mW 

(Power Supply = ±15 V, Vq = 0) 



50 

85 


50 

85 


Ta ” T|oyy to Thigh 









Positive Voltage Supply Sensitivity 

PSS+ 




■HI 



pV/V 

(VgE constant) 




100 


2.0 

150 


Ta ” T|oyy to Thigh OP MCI 741S 


mu 



mm 




Negative Voltage Supply Sensitivity 

PSS- 







pV/V 

(Vcc constant) 


- 

10 

150 

“ 

10 

150 



*T|ow = 0for MC1741SC Thigh =+70°C for MCI 741 SC 

= -55°CforMC1741S =+125 °C for MC1741S 
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MC1741S, MC1741SC 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, VgE = -15 Vdc, = +25°C unless otherwise noted.) 


FIGURE 3 - POWER BANDWIDTH - NONDISTORTED 

OUTPUT Voltage versus frequency 



f, FREQUENCY (Hz) 


FIGURE 5 - NOISE versus FREQUENCY 



■sssiinimi 

iSS!!!!l 



t, FREQUENCY (Hz) 


FIGURE 7 - SIVIALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 


FIGURE 4 - OPEN-LOOP FREQUENCY RESPONSE 




f, FREQUENCY (Hz) 


FIGURE 6 - OUTPUT NOISE versus 
SOURCE RESISTANCE 
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RS, SOURCE RESISTANCE (OHMS) 


FIGURE 8 - SMALL-SIGNAL TRANSIENT 
RESPONSE TEST CIRCUIT 


Pins not shown are not connected. 


1 VpS 


MC!741S -Q , 
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TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, VgE = -15 Vdc, = +25°C unless otherwise noted.) 


FIGURE 9 POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 
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0 25 


Vcc and IVeeI, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - LARGE-SIGNAL TRANSIENT WAVEFORMS 


SLEW \ 

RATE ^ 

V(+) to V(-) SLEW 

(MEASUREMENT 

PERIOD) V(-)toV(+) - 

, U_ (MEASUREMENT 

PERIOD) 


ALLOWABLE 

ERROR 

BAND 


FIGURE 11 - SETTLING TIME AND SLEW RATE TEST CIRCUIT 



SETTLING TIME 

In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con¬ 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 

SETTLING TIME MEASUREMENT 

In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the "false" 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de¬ 
termine when the waveform at the output of the op¬ 
erational amplifier settles to within 0.1% of it's final 
value. Because the output and input voltages are ef¬ 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 

The solution to these problems is the creation of a 
second or "false" summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure¬ 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con¬ 
sidered. The expression 

tsetig = ^/x2 + y2 + z2 

can be used to determine the actual amplifier settling 
time, where 

tsetig = observed settling time 

X = amplifier settling time (to be determined) 
y = false summing junction settling time 
z = oscilloscope settling time 
It should be remembered that to settle within ±0.1% 
requires 7RC time constants. 

The ±0.1% factor was chosen for the MC1741S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L8 digital-to-analog converter. 
This D-to-A converter features ±0.19% maximum error. 
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MC1741S, MC1741SC 


FIGURE 12 - WAVEFORM AT FALSE SUMMING NODE 


TYPICAL APPLICATION 



I.Oms/OIV 

FIGURE 13 - EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 



1.0 /is/OIV 


FIGURE 14 - 12.S WATT WIDEBAND POWER AMPLIFIER 


♦ 15 V 
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DUALMC1741 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

. .. designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. The MC1747L and MC1747CL are functionally, elec¬ 
trically, and pin-for-pin equivalent to the pA747 and /iA747C respec¬ 
tively. 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 

• Offset Voltage Null Capability 


IDUALMC1741) 

DUAL 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




F SUFFIX 

CERAMIC PACKAGE 
CASE 607 


Inv. Input 1 
Non Inv Input 2 
Offset Adi A 3 

VeE * 
Offset Adj B 5 
Non Inv Input 6 
Inv. Input 7 





14 Offset Adi A 

13 Vcc A 
12 Output A 
11 N.C. 
10|Output B 
9 Vcc B 
8 Offset Adj B 


G SUFFIX 

METAL PACKAGE 
CASE 603 


VccA(p \ / ®VccB 

Inv Input Inv. Input 


Non-lnv Input 


J^Non-lnv Input 


FIGURE 2 - CIRCUIT SCHEMATIC 


NQN-INVERTiNG 
INPUT U- 




LSUFFIX 

CERAMIC PACKAGE 
CASE 632-02 
TO-116 


Circuit diagrams utilizing Motorola products are included as a means of illustrating typical 
semiconductor applications; consequently, complete information sufficient for construction 
purposes is not necessarily given. The information has been carefully cheeked and Is believed 
to be entirely reliable. However, no responsibility Is assumed for Inaccuracies. Furthermore, 
such information does not convey to the purchaser of the semiconductor devices described 
any license under the patent right of Motorola Inc. or others. 



©MOTOROLA INC., 1976 

























MAXIMUM RATINGS ‘ (T;^ =+25^C unless otherMise noted.) 


Rating 


Power Supply Voltages 


Differential Input Signal Voltage (f) 


Common-Mode Input Swing Voltage 


Output Short-Circuit Duration 


Voltage (Measurement between Offset Null and Vgg) 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 

Ceramic and Metal Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS (Vcc “ '*‘^5 Vdc, Vgg = -15 Vdc, T^ = +25®C unless otherwise noted.) 




j -65 to +150 

-65 to+150 

°C 

175 

150 

°C 



(Vo = ±10 V.Rl * 2.0 kn) 


Input Bias Current 
Ta = +25°C 
“ Thigh ® 
Ta = T|o„ ® 


Input Offset Current 
Ta = +25°C 
" Thigh 
Ta “ Tiovv 


Input Offset Voltage (Rg ^ 10 kf2) 
Ta = +25®C 
Ta * T|ovv *0 Thigh 


Offset Voltage Adjustment Range 


Differential Input Impedance (Open-loop, f - 20 Hz) 
Parallel input Resistance 
Parallel Input Capacitance 


Common-Mode Input Voltage Swing 
T|ow ^ Ta ^ Thigh 


Common-Mode Rejection Ratio (Rg = 10 kn) 
T|ow ^ Ta ^ Thigh 


Open-Loop Voltage Gain 
Ta = +25°C 
Ta “ Tjovy to Thigh 


Transient Response (Unity Gain) 

(Vjn = 20 mV, Rl = 2.0 kfi. Cl < 100 pF) 
Rise Time 

Overshoot Percentage 


Slew Rate (Unity Gain) 


Output I mpedance 


Short-Circuit Output Current 


Channel Separation 


Output Voltage Swing (Tiow'^''■ a< Thigh) ' 

RL=10kn 
RL = 2.0kn 


Power Supply Sensitivity (T((,„ to Thigh) 
VgE = Constant, Rs <10 kn 
Vcc “ Constant, Rs < 10 kn ' 


Power Supply Current (each amplifier) 
Ta = +25°C 
Ta ” TiQyn, 

Ta “ Thigh 


DC Power Consumption (each amplifier) 
Ta = +25°C 
Ta " Tjoy, 

Ta = Thigh 



0 For supply voltages of less than ± 15 V, the maximum differential input voltage is equal to + (Vqc + |VeeP- 
0 For supply voltages of less than ±. 15 V, the maximum input voltage is equal to the supply voltage (Wqq, 'IVggl). 
® T|ow: 0°C for MC1747CL 
-65°C for MC1747L 
Thigh; +75°Cfor MC1747CL 
+125°C for MC1747L 
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Vo,OUTPUT VOLTAGE (Vp.p) . A„ol, OPEN LOOP VOLTAGE GAIN (dB) 


FIGURE 3 - TYPICAL FREQUENCY-SHIFT KEVER TONE 
GENERATOR TEST CIRCUIT 
VCCA15V Vcc»15V 

OO’-'f I I ! 1 1 


0.01 jjF:: 

> l_o- 0.01 (iP; 





MC1747^C>^^’ tOk 

100 k MC1747^^>“0^ ,21^ 

91 k 


MVWt-oH+ *-A\V-*--WNrf-<H 

1 

1 1 ^ 


1270 Hi ^ ) k: 

SET 


Vee* 
-15 V 


1 ...r^ ”'"i 


^ FREQUENCY 
SHIFT 

0.1 mF output 


^ vee4 

-15 V 


FIGURE 4 - TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR 



Terminals not shown are not connected. 


0.5 ms/DIV. 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Vee = -15 Vdc, Ty^ = +25°C unless otherwise noted.) 

FIGURE 5 - OPEN-LOOP VOLTAGE GAIN 

versus POWER-SUPPLY VOLTAGE FIGURE 6 - OPEN-LO< 



0 3.0 6.0 9.0 12 15 18 21 24 

Vcc and Vee, POWER-SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 - OPEN-LOOP FREQUENCY RESPONSE 



1.0 10 100 1.0 k 10 k 100 k 1,0 M 10 M 

f, FREQUENCY (Hzl, 


FIGURE 7 - POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 



I.Ok 

f, FREQUENCY (Hz) 


FIGURE 8 - POWER CONSUMPTION 
versus POWER SUPPLY VOLTAGE 


6.0 10 14 18 

Vcc and Vee, POWER SUPPLY VO LTAG E (VO LTS) 
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MC1747, MC1747C 



THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 


PD(Ta) = 


Tj(max) ~Ta 
R0JA(Typ) 


Where; Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition, 

Tj(niax) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^JAlTyp) = Typical Thermal Resistance Junction to 
Ambient 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1748G 

MC1748U 

MC1748CG 

MC1748CP1 

MC1748CU 


-SS^C to +125°C 
-55“C to +125'’C 
O'C to +70°C 
O^C to +70°C 
0“C to +70°C 


Metal Can 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 


HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• Noncompensated MC1741 

• Single 30 pF Capacitor Compensation Required For Unity Gain 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 


MC1748 

MC174«C 



OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PI SUFFIX 

USUFFIX 

PLASTIC PACKAGE 

CERAMIC package 

CASE 626 

CASE 693 

(MC1748C only) 




CompensBtio 

D ''cc 

2 Output 
71 Baltnc* 


O SUPFIX 
METAL PACKAGE 
CASE 601 

Compantation 




TYPICAL COMPENSATION CIRCUITS 


FIGURE 3 - SINGLE-POLE COMPENSATION 

R2 



Cs = 30 pF 
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MAXIMUM RATINGS {T/\ = +25°C unless otherwise noted) 


Rating 

Symbol 

MC1748 

)VIC1748C 

Unit 

Power Supply Voltage 

Vcc 

+22 

+ 18 

Vdc 


Vee 

-22 

-18 


Differential Input Signal 

^in 

±30 

Volts 

Common-Mode Input Swing® 

V|CR 

±15 

Volts 

Output Short Circuit Duration 

ts 

Continuous 

IHDHHi 

Power Dissipation (Package Limitation) 

Pd 

680 

mW 

Derate above Ta = +25°C 


4.6 

mW/°C 

Operating Temperature Range' 

Ta 

-55 to+125 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Vcc = +1 5 Vdc, Vee = -15 Vdc, Ta = +25°C unless otherwise noted.) 


Characteristics 


Input Bias Current 
Ta = +25°C 

~ T|ow ^high ® 


Input Offset Current 
Ta = +25°C 

“ Tlow 1° T^high 


Input Offset Voltage (Rs 510 k fl) 
Ta = +25“C 

° Tloyy to Thigh 


Differential Input Impedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f - 20 Hz) 


Common-Mode Input Voltage Swing 


Common-Mode Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain, (Vg = ±10 V, Rl = 2.0 k ohms) 
Ta = +25°C 
Ta - T|ow 1° Thigh 


Step Response (Vig = 20 mV, Cg = 30pF, Rl = 2 kn, Cl = 100pF) 
Rise Time 

Overshoot Percentage 
Slew Rate 


Output Impedance (f = 20 Hz) 


Short-Circuit Output Current 


Output Voltage Swing (Rl = 10 k ohms) 

Rl = 2 k ohms (Ta = T|(j„v to thigh) 


Power Supply Sensitivity 

Vee “ constant, Rj < 10 k ohms 
Vcc - constant, Rj < 10 k ohms 


Power Supply Current 


DC Quiescent Power Dissipation 

, (Vo = 0) 


For supply voltages less than ±.15 V, the Maximum Input Voltage is equal to the Supply Voltage. 

®T|o^^: 0°C for MCI 748C 

for MC1748 
Thigh: +70° for MCI 748C 
+ 12e°C for MC1748 







1.67 

1.67 

2.83 

2.83 

50 

85 


2.83 mAdc 
2.83 
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Av, VOLTAGE GAIN (dB) V|r, INPUT VOLTAGE BANGE (VOLTS) 


MC1748, MC1748C 


TYPICAL CHARACTERISTICS 

(Vcc = +15 V, Vee = -15 V, Ta = +25°C unless otherwise noted.) 

FIGURE S - MINIMUM INPUT VOLTAGE RANGE FIGURE 6 - MINIMUM OUTPUT VOLTAGE SWING 




FIGURE 7 - MINIMUM VOLTAGE GAIN FIGURE 8 - TYPICAL SUPPLY CURRENTS 




Vcc and -Vee, supply VOLTAGES (VOLTS) VcC AND (-Vee) SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 - OPEN-LOOP FREQUENCY RESPONSE FIGURE 10 - LARGE-SIGNAL FREQUENCY RESPONSE 
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VOR, OUTPUT VOLTAGE RANGE ('VOLTS) V|r, Vqr, VOLTAGE RANGE (tVOLTS) 


MC1748, MC1748C 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 V. Vee = -15 V,T/^ = +2^C unless ottienwise noted.) 

FIGURE 11 - VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 12 - OPEN-LOOP FREQUENCY RESPONSE 




FIGURE 13 - LARGE-SIGNAL FREQUENCY RESPONSE 



FIGURE 14 - INVERTER PULSE RESPONSE 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1776G 

-55°C to -f 125'’C 

Metal Can 

MC1776CG 

0“Cto-i-70°C 

Metal Can 

MC1776CP1 

0°C to +70°C 

Plastic DIP 


MC1776 

MC1776C 


Specificsitioiis a^iid Applicsitions Infopmettioii 


MICROPOWER 

PROGRAMMABLE OPERATIONAL AMPLIFIER 


PROGRAMMABLE 
OPERATIONAL AMPLIFIER 


This extremely versatile operational amplifier features low-power 
consumption, high input impedance and low input noise levels. In 
addition, the quiescent currents within the device may be pro¬ 
grammed by the choice of an external resistor value or current source 
applied to the Ijet input. This allows the amplifier's characteristics 
to be optimized for input current, power consumption and input 
voltage, and current noise despite wide variations in operating piower 
supply voltages. 

• ±1.2 V to ±18 V Operation 

• Wide Programming Range 

• Offset Null Capability 

• No Frequency Compensation Required 

• Low Input Bias Currents 

• Short-Circuit Protection 


RESISTIVE PROGRAMMING (See Figure 1.) 



ACTIVE PROGRAMMING 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Offset Null [T 
Inverting Input [T 
Non-Inverting Input [T 
Vee [T 















































MC1776, MG1776C 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc- VeE 

±18 

Vdc 

Differential Input Voltage 

V|D 

±30 

Vdc 

Common-Mode Input Voltage 

V|CM 



Vccand|VEE|<15V 


VcC-Vee 

Vdc 

Vcc and IVeeI ^ ^5 V 


±15 


Offset Null to VgE Voltage 

Voff-VEE 

±0.5 

Vdc 

Programming Current 

'set 

500 

mA 

Programming Voltage 
(Voltage from terminal to ground) 

Vset 

(Vcc-2.0 V) 
to 

Vcc 

Vdc 

Output Short-Circuit Duration* 


Indefinite 

s 

Operating Temperature Range 

MCI776 

MC1776C 

Ta 

-55 to+125 

0 to +70 

°c 

Storage Temperature Range 

^stg 

' -65 to +150 

°c 

Power Dissipation (Package Limitation) 

Pd 

680 

mW 

Derate above T/\ = +25°C 

4.6 

mW/C° 


•May be to ground or either Supply Voltage. Rating applies up to a case temperature of +125°C or ambient temperature 
of+75°C and lset<30pA. 

















































MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee - -15 V. I^et = 1-5 mA.Ta = +25°C unless otherwise noted.) 


Characteristic 

Symbol 

MC1776 

MC1776C 

Unit 


Typ 




Max 

input Offset Voltage (Rs ^ 10 kSl) 

|V|ol 

lllllllll 


■i 

HIBII 

Hi 


mV 

Ta = +25°C 



2.0 




6.0 


T|ow* ^TA^Thigh* 



- 



HI 

7.5 


input Offset Current 

I'lol 

uniiiiii 


Hi 

miHH 


■H 

nA 

Ta = +25°C 









Ta~ Thigh 





H^i 

HI 



Ta “ T|(jy^ 









Input Bias Current 

<IB 




■miH 

■■■III 


nA 

Ta = +25°C 




7.5 



10 


Ta“ Thigh 



mam 

7.5 


91 

10 


Ta“T|ovv 




20 


Hi 

20 


Input Resistance 

Flin 

- 

50 

- 

- 

50 

- 

Mn 

Input Capacitance 

Cin 

- 

2.0 

- 

- 

IQH 

- 

pF 

Offset Voltage Adjustment Range 

V|OR 

- 

9.0 

- 

- 

9.0 

- 

mV 

Large Signal Voltage Gain 

Avol 






■■Illl 

V/V 

Rl> 75 kn, Vo = ±10V, Ta = +25°C 


200 k 

400 k 


50 k 

400 k 



R L > 75 kn, Vo = ±10 V, T,ow < Ta < Th jgh 


100 k 

- 


50 k 

- 



Output Resistance 

Ro 

- 

5.0 

- 

- 


- 

kn 

Output Short-Circuit Current 

'Iqsc 

- 

3.0 

- 

- 

3.0 

- 

mA 

Supply Current 

'CC- 'EE 







mA 

Ta = +25°C 



20 

25 


20 

30 


Tio^y^TA ^Thigh 



- 

30 


- 

35 


Power Dissipation 

Pd 





^H9i 


mW 

Ta = +25°C 




0.75 



0.9 


T| 0 w ^ T A ^ Th jgh 




0.9 

IBIII 

Hi 

1.05 


Transient Response (Unity Gain) 




___ 

■■iiiiiiii 




Vjn = 20mV, Rl> 5.0 kS7, Cl= 100 pF 









Rise Time 

tTLH 


1.6 



1.6 


MS 

Overshoot 

OS 

mil 

0 

199 

991 

0 

9991 

% 

Slew Rate (Rl ^5.0 kn) 

SR 

- 

0.1 

- 

- ■ 

0.1 

- 

V/ms 

Output Voltage Swing 

Vo 







V 

Rl> 75 kn, Ta = +25°C 


±12 

±14 


±12 

±14 



Rl ^75 kn, T|ow ^Ta ^Thigh 


+10 


IHi 

±10 

- 

Hil 


Input Voltage Range 

V|D 







V 

Tiow^Ta ^Thigh 


+10 

- 

- 

±10 

- 

- 


Common-Mode Rejection Ratio 

CMRR 







dB 

FIs ^10 kfl, T< Ta < Thigh 


70 

90 

- 

70 

90 

- 


Supply Voltage Rejection Ratio 

PSRR 







mV/v 

FIs ^ 10 kJl, Tiow ^Ta ^Thigh 


- 

25 

150 

- 

25 

200 



‘T|ow =-55°C for MC1776 
0°e for MC1776C 


Thigh = +125°C for MCI776 
+70°C for MC1776C 




























































































MCI 776, MC1776C 


ELECTRICAL CHARACTERISTICS (V^c '*■^5 V, VgE = -15 V, Ijet = 15 /uA, T/\ = +25°C unless otherwise noted.) 


Characteristic 

Symbol 

MC1776 

MC1776C 

Unit 

MW 

BH 



Km 

MWM 

Input Offset Voltage (Rs < 10 kO) 

|V|0l 


■■ 


HHI 

■H 


mV 

Ta = +25°C 




5.0 



. 6.0 


^low* ^l^high* 



■■ 

6.0 


■■ 

7.5 


Input Offset Current 

Hiol 







nA 

Ta = + 25OC 



2.0 

15 



25 


^A ” ^high 



- 

15 



25 


^A “ ^low 



- 

40 



40 


Input Bias Current 

*IB 

■■H 


■■ 

■■H 



nA 

Ta = +25°C 



15 

mM 


15 

50 


^A “ Thigh 



- 



- 

50 


Ta “ T|oyy 



- 

120 


- 

100 


Input Resistance 

l^in 

- 

■aw 

- 

- 


- 

Mn 

Input Capacitance 

Cin 

- 

2.0 

- 

- 


- 


Offset Voltage Adjustment Range 

VlOR 

- 

18 

- 

- 

18 

- 

mV 

Large Signal Voltage Gain 

Ayol 



■■■ 



^■m 

V/V 

Rl >5.0 kO, Vo = ±10 V, Ta = +25°C 


100 k 

400 k 


50 k 

400 k 



Rl >75 kn, Vo = ±10 V T|ow <Ta <Thigh 


75 k 

- 


50 k 

- 



Output Resistance 

Ro 

- 

1.0 

- 

- 

1.0 

- 

kn 

Output Short-Circuit Current 

•Osc 

- 

12 

- 

- 

12 

- 

mA 

Supply Current 

•CC< 'EE 




I^HH 



HBQB 

Ta = +25®C 



160 

180 


160 

190 


Tiow^Ta <Thigh 



- 

200 


- 

, 200 


Power Dissipation 

I’D 

■■■■ 


■■ 

■nnm 

■■■■ 



Ta = +25°C 







5.7 


T|ow ^Ta ^Thigh 







6.0 

HI 

Transient Response (Unity Gain) 


i^H 







V|n = 20 mV, Rl >5.0 kO, Cl = 100 pF 









Rise Time 

ITLH 


0.35 



0.35 


ps 

Overshoot 

OS 


10 



10 


% 

Slew Rate (Rl> 5.0 kn) 

SR 

- 

0.8 

- 

- 

0.8 

- 

V/ps 

Output Voltage Swing 

Vo 






muH 

V 

RL>5.0kn, Ta = +25°C 


±10 

±13 


±10 

±13 



Rl >75 kn, TjQyy <Ta ^Thigh 


±10 

- 


±10 

. - 

H9I 


Input Voltage Range 

V|D 






■null 

V 

T|ow^Ta <Thigh 


±10 


- 

±10 

- 



Common-Mode Rejection Ratio 

CMRR 







dB 

Rs < 10 kn, TjQyy^TA ^Thjqh 


70 

90 

- 

70 

90 

- 


Supply Voltage Rejection Ratio 

PSRR 







pV/V 

Rs 10 kn, T|ow ^Thigh 


- 

25 

150 

- 

25 

200 



*T(ow = -55°C for MC1776 Thigh = +125°e for MC1776 

0°C for MC1776C +70°C for MC1776C 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc +3.0 Vdc, Vgg = -3.0 Vdc, Iget “1-5 uA, T/\ = +25°C unless otherwise noted.) 


Characteristic 


Input Offset Voltage (Rs < 10 kn) 
Ta = +25°C 
^low* <Ta ^Thigh* 


Input Offset Current 
Ta = +25°C 
~ 3'high 
“ ^low 


Input Bias Current 
Ta = +25°C 
Ta ~ Thigh 
Ta “ T|(jyy 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Large Signal Voltage Gain 
Rl >75 kn, Vq = ±1.0 V, Ta = +25°C 
Rl > 75 kn. Vo = ±1.0 V, T|ow <Ta <Thigh 


Output Resistance 


Output Short-Circuit Current 


Supply Current 
Ta = +25°C 
T|ow^T a ^Thigh 


Power Dissipation 
Ta = +25°C 
T|ow^Ta ^Thigh 


Transient Response (Unity Gain) 

Vjn = 20 mV, Rl> 5.0 kn, Cl = 100 pF 
Rise Time 
Overshoot 


Slew Rate (Rl> 5.0 kn) 


Input Voltage Range 
Tiow^Ta ^Thigh 


Common-Mode Rejection Ratio 

Rs ^ kn, T|ow ^Ta ^Thigh 


Supply Voltage Rejection Ratio 

Rs ^ 10 kn, T|ow ^Ta ^Thigh 



*T|ow = - 55 OC for MC1776 
0°C forMC1776C 


Thigh = +125°C for MC1776 
+70°C for MC1776C 


VOLTAGE OFFSET 
NULL CIRCUIT 


TRANSIENT-RESPONSE 
TEST CIRCUIT 


30-^As 


L>_| 

r^_^7<j)VCC 

3 




Pins not shown are not connected. 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc =-*-3.0 V. Vee °-3-0'v, lset° ^SmA, Ta =+25°C unless otherwiM noted.) 


Characteristic 

Symbol 

MC1776 i 

MC1776C 

Unit 


B9 


Ksn 

MSBM' 

mmm 

Input Offset Volt^ (RS ^ 10 kn) 

tViol 


■Mi 

mmm 

H 

■■■: 


mV 

Ta = +25°C 




■djl 



6.0 









7.5 


Input Offset Current 

I'lol 

■■■■ 

■I^B 


HHI 



nA 

Ta = +25°C 




15 



25 


TA^ Thigh 



■■ 

15 



25 


Ta “ T|ow 




40 



40 


Input Bias Current 

■iB . 

nmnn 



■■■ 



nA 

Ta = +25°C 



15 

50 


15 

50 


Ta “ Thigh 



- 

50 


- 

SO 


Ta “ T|ow 



- 

120 



100 


Input Resistance 

Rin 

- 

KW 

- 

- 

5.0 

- 

Mn 

Input Capacitance 

Cin 

- 

2.0 

- 

- 

2.0 

- 

pF 

Offset Voltage Adjustment Range 

V|0R 

- 

18 

- 

- 

18 

- 

mV 

Large Signal Voltage Gain 

Avol 







V/V 

Rl > 5.0 kn, Vo = ±1.0 V, Ta = +25°c 


50 k 

200 k 


25 k 

200 k 

- 


Rl >5.0 kfi. Vo = 1.0 V, T|ow <Ta <Thigh 


25 k 

- 


25 k 

- 

*- 


Output Resistance 

Ro 

- 

1.0 

- 

- 

1.0 

- ■ 

kn 

Output Short-Circuit Current 

•Osc 

- 

5.0 

- 

r 

mm 

- 

mA 

Supply Current 

•CC- 'EE 




___ 



mA 

Ta = +25°C 



130 

160 


130 

170 


Tiow^Ta <Thigh 


1911 

- 

180 

m9 

- 

180 


Power Dissipation 

PO 







mW 

Ta = +25®C 



780 

960 


780 

1020 


Tlow^f^A^Thigh 



- 

1080 


- 

1080 


Transient Response (Unity Gain) 





iHm 




Vin = 20 mV, Rl> 5.0 kSl, Cl = 100 pF 









Rise Time 

•TtH 


0.6 



0.6 


us 

Overshoot 

OS 


5.0 

mu 

|^B9 

5.0 

ii^m 

% 

Slew Rate (RL>5.0kn) 

SR 

- 

0.35 

- 

- 

0.35 

- 

V/ps 

Output Voltage Swing 

Vo 







V 

Rl>5.0 kn, T(oyv ^Ta ^Thigh 


±1.9 

±2.1 

- 

±2.0 

±2.1 

- 


Input Voltage Range 

V|D 







V 

T|ow ^Ta ^ Thigh 


±1.0 

- 

- 

±1.0 

- 

. - 


Common-Mode Rejection Ratio 

CMRR 







dB 

T|ow^TA^Thjgh 


70 

86 

- 

70 

86 

- 


Supply Voltage Rejection Ratio 

PSRR 







pV/V 

Rs ^10 kn, Tioyv^TA ^ Thigh 


- 

25 

150 

- 

25 

200 



*T|ow = - 55°C for MC1776 Th igh = +125°C for MC1776 

0®C for MC1776C +70°C for MC1776C 




























































































fiset. SET RESISTOR (OHMS) 


MC1776, MC1776C 


TYPICAL CHARACTERISTICS 

(T/\ =+25®C unless otherwise noted.) 

FIGURE 2 - POSITIVE STANDBY SUPPLY 

FIGURE 1 - SET CURRENT versus SET RESISTOR CURRENT versus SET CURRENT 
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0.1 1.0 10 100 
Iset, SET CURRENT (M) 



0.01 0.1 1.0 ^ 10 100 
IjBt, SET CURRENT (nA) 


FIGURE 3 - OPEN-LOOP GAIN versus SET CURRENT 




0.01 0.1 1.0 10 100 


Iset, SET CURRENT (M) 


FIGURE 5 - INPUT BIAS CURRENT 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


T, TEMPERATURE (®C) 


FIGURE 6 - GAIN-BANDWIDTH PRODUCT (GBW) 
versus SET CURRENT 



Q.Q7 








MC1776, MCI776C 


TYPICAL CHARACTERISTICS (continued) 
(T/^ = +25°C unless otherwise noted.) 


FIGURE 7 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


FIGURE 8 - SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 



1.0 k , 10k 100k 1.0M 

RL, LOAO RESISTANCE (OHMS) 



FIGURE 9 - OUTPUT SWING 
versus SUPPLY VOLTAGE 


FIGURE 10 - SLEW RATE 
versus SET CURRENT 



Vcc. IVeEI. supply VOLTAGES (V) 



FIGURE 11 - INPUT NOISE VOLTAGE FIGURE 12 - OPTIMUM SOURCE RESISTANCE 

versus SET CURRENT FOR MINIMUM NOISE versus SET CURRENT 
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MC1776, MC1776C 

APPLICATIONS INFORMATION 


FIGURE 13 - WEIN BRIDGE OSCILLATOR 

22 k 



(for fo = 1.0 kHz) 


R = 16kSi 
C = 0.01 mF 


FIGURE 14 - MULTIPLE FEEDBACK BANDPASS FILTER 



A (fo) = Gain at center frequency 
Q = quality factor 
Choose a value for C, then 



R1 = JS-- 
2A (fo) 

R2 = 01.05 
4Q2R1-R5 

To obtain less than 10“<i error from the operational amplifier: 

°SJ2_ ^0 1 

GBW 

where fo and GBW are expressed In Hz. GBW is available from 
Figure 6 as a function of Set Current, Iset. 


FIGURE 15 - MULTIPLE FEEDBACK BANDPASS FILTER 
(1.0 kHz) 



FIGURE 16- GATED AMPLIFIER 



FIGURE 17 - HIGH INPUT IMPEDANCE AMPLIFIER 


50M 10k 






MC3301P 


-40°C to +85°C 


Plastic DIP 


QUAD SINGLE-SUPPLY 
OPERATIONAL AMPLIFIER 
FOR AUTOMOTIVE APPLICATIONS 

These internally compensated operational amplifiers are designed 
specifically for single positive power supply applications found in 
automotive and consumer electronics. Each MC3301 contains four 
independent amplifiers — making it ideal for automotive safety, pol¬ 
lution, and comfort controls. Some typical applications are tacho¬ 
meter, voltage regulator, logic circuits, power control and other 
similar usages. 

• Wide Operating Temperature Range —40 to +85°C 

• Single-Supply Operation — -1-4.0 to +28 Vdc 

• Internally Compensated 

• Wide Unity Gain Bandwidth — 4.0 MHz typical 

• Low Input Bias Current - 50 nA typical 

• High Open-Loop Gain - 2000 V/V typical 


QUAD 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - EQUIVALENT CIRCUIT 


AMPL #2 

1 O—- 1 + 




AMPU|T>-OlO 

GROUND - PIN 7 



FIGURE 3- INVERTING AMPLIFIER 


FIGURE 4 - NONINVERTINQ AMPLIFIER 


VCCO+15V for-L<Ri 


Ri+rl^ 



+ I5 V Av = 10 BW = 150 kHz 


v- » °-V v.^ J o ' 





































IVIC3301 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

'^CC 

+28 

Vdc 

Noninverting Input Current 

Ir 

5.0 

mA 

Sink Current 

'sink 

50 

mA 

Source Current 

'source 

50 

mA 

Power Dissipation (Package Limitation) 

Pd 

625 

mW 

Derate above = +25°C 


5.0 

mW/®C 

Operating Temperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS [Vqq = +15 Vdc, Rl = 5.0 kfi, T/^ = +25°C (each amplifier) unless otherwise noted] 


Characteristic 

Fig.No. 

Note 

Symbol 

Min 

Typ 

Max 

Unit 

Open-Loop Voltage Gain 

5 


Avol 




v/v 

Ta = +25°C 




1000 

2000 



-40OC < Ta <+85°C 





1600 

j^mii 


Quiescent Power Supply Current (Total for four amplifiers) 

6 

HBl 



■■ 


mAdc 

Noninverting inputs open 



'do 



10 


Noninverting inputs grounded 



'dg 


m 

14 


Input Bias Current, Rl = °o 


2 

'IB 

■■■I 



nAdc 

Ta = +25°C 





50 

300 


-40OC < Ta < +8 S°C 

■ 



H 

100 

- 


Ckirrent Mirror Gain (1^ = 200 pAdc) 

7 

3 

A| 

0.80 

0.98 

1.16 

A/A 

Current Mirror Gain Drift 







% 

-40°C<Ta<+85OC 




- 

+ 2.5 

- 


Output Current 

8 






mAdc 

Source Capability (Vqh “ Vdc) 



'source 

3.0 

10 



(Vqh = 9 0 Vdc) 




- 

7.0 



Sink Capability (Vq!. “ 0.4 Vdc) 


mi 

'sink 

0.5 

0.87 



Output Voltage 

6 






Vdc 

High Voltage 



Vqh 

13.5 

14.2 

- 


Low Voltage (Inverting Input Driven) 



VOL(inv) 

- 

0.03 

0.1 


(Noninverting Input Driven) 



'^OL(non) 

- 

0.6 

- 


Input Resistance (Inverting input only) 



'^in 

0.1 

1.0 

- 

Meg n 

Slew Rate (Cl = 100 pF, Rl = 5.0 k) 



SR 

- 

0.6 

- 

V/ps 

Unity Gain Bandwidth 


4 

BW 

- 

4.0 

- 

MHz 

Phase Margin 


4 

0 m 

- 

70 

- 

Degrees 

Power Supply Rejection (f = 100 Hz) 



PSSR 

■ - 

55 

- 

dB 

Channel Separation (f = 1.0 kHz) 



eol/®o2 

- 

65 

- 

dB 


NOTES: 

1. The quiescent current drain will increase approximately 0.3 3. 

mA for each inverting or noninverting input that is grounded. 

2. Input bias current can be defined only for the inverting input. 

Th@ noninverting input is not a true "differential input" — as 4. 

with a conventional 1C operational amplifier. As such this 


input does not have a requirement for input bias current. 
Current mirror gain is defined as the current demanded at the 
inverting input divided bv the current into the noninverting 
input. 

Bandwidth and phase margin are defined with respect to the 
voltage gain from the inverting input to the output. 
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MG3301 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Rl = 5.0 kn, T/v = +25°C 
[each amplifier) uhles$ otherwise noted.) 


FIGURE 5 - OPEN LOOP VOLTAGE GAIN FIGURE 6 - QUIESCENT POWER SUPPLY CURRENT 



Ido; SI = A S2 = open 


idg:Si = a S2 = closed 
voh(-);Si = c S2 = CL0SED 
Vol(-):S1 = B S2 = closed 
VdlW:S1=A S2 = closed 


FIGURE 7 - INPUT BIAS CURRENT AND 

FIGURES-OUTPUT CURRENT 



OUTPUT RESISTANCE (fi) - OPEN LOOP VOLTAGE GAIN (dB) 


MC3301 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Rl = 5.0 kfi, Ta = +25°C 
[each amplifier] unless otherwise noted.) 



100 1.0 k 10 k 100 k 1.0 M 10 M 

FREQUENCY (Hz) 


FIGURE 10 - OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 



FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY 



FREQUENCY 


FIGURE 12 - SUPPLY CURRENT versus SUPPLY VOLTAGE 



FIGURE 13 - LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 


FIGURE 14 - LINEAR SINK CURRENT versus 
SUPPLY VOLTAGE 
















































MC330T 



A noninverting input is obtained by adding a current mirror as 
shown in Figure 17. Essentially all current which enters the non¬ 
inverting input, If, flows through the diode CR1. The voltage 
drop across CR1 corresponds to this input current magnitude and 
this same voltage is applied to a matched device, Q3. Thus Q3 is 
biased to conduct an emitter current equal to 1^. Since the alpha 


current gain of Q3 ^ 1, its collector current is approximately equal 
to Ir also. In operation this current flows through an external 
feedback resistor which generates the output voltage signal. For 
inverting applications, the noninverting input is often used to set 
the dc quiescent level at the output. Techniques for doing this are 
discussed in the "Normal Design Procedure" section. 


OPERATION AND APPLICATIONS 

Basic Amplifier linear operation at the output. The sink current of the device can 

be forced to exceed the specified level by keeping the output dc 
The basic arqplifier is the common emitter stage shown in Figures voltage above 1.0 volt resulting in an increase in the distortion 

15 and 16. The active load 1 1 is buffered from the input transistor appearing at the output. Closed loop stability is maintained by an 

by a PNP transistor, Q4, and from the output by an NPN transistor, on-the-chip 3-pF capacitor shown in Figure 18 on the following 

Q2, Q2 is biased class A by the current source 1 2 - The magnitude page. No external compensation is required, 

of l 2 (specified Isipk) is a limiting factor in capacitively coupled 

FIGURE 15 
BLOCK DIAGRAM 



Biasing Circuitry 

The circuitry common to all four amplifiers is shown in Figure 19, 
see next page. The purpose of this circuitry is to provide biasing 
voltage for the PNP and NPN current sources used in the amplifiers. 
The voltage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor R1 is the sum of the drops 
across CR4 and CR3 minus the Vgg of Q8. The PNP current 
sources (Q5, etc.) are set to the magnitude N/gg/RI by transistor 


FIGURE 17 - OBTAINING A NONINVERTING INPUT 



Q6. Transistor Q7 reduces base current loading. The voltage 
across resistor R2 is the sum of the voltage drops across CR2, CR3 
and CR4, minus the VgE drops of transistor Q9 and diode CRB. 
The current thus set is established by CR5 in all the NPN current 
sources (QIO, etc.). This technique results in current source magni¬ 
tudes which are relatively independent of the supply voltage. Q11 
(Figure 15) prqvides circuit protection from signals that are negative 
with respect to ground. 
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MC3301 


OPERATION AND APPLICATIONS (continued) 


FIGURE 18-A BASIC OPERATIONAL AMPLIFIER FIGURE 19 - BIASING CIRCUITRY 




NORMAL DESIGN PROCEDURE 


1. Output Q-Point Biasing 

A. A number of techniques may be devised to bias the quiescent 
output voltage to an acceptable level. However, in terms of 
loop gain considerations it is usually desirable to use the 
noninverting input to effect the biasing as shown in Figures 
3 and 4 (see the first page of this specification). The high 
impedance of the collector of the noninverting "current 
mirror" transistor helps to achieve the tnaximum loOp gain 
for any particular configuration. It is desirable that the non¬ 
inverting input current be in the 10 pA to 200 pA range. 

B. Vqc Reference Voltage (see Figures 3 and 4) 

The noninvertirig input is normally returned to the Vcc 
voltage (which should be well filtered) through a resistor, 
Rf, allowing the input current, If, to be within the range of 
10 juA to 200 pA. Choosing the feedback resistor, Rf, to be 

4 equal to 'h R|- will now bias the amplifier output dc level to 

Vpp 

approximately ■ . This allows the maximum dynamic 
range of the output voltage. 


C. Reference Voltage other than Vqc (see Figure 201 

The biasing resistor Rf may be returned to a voltage (Vp) 
other than Vcc- By setting Rf = Rf, (still keeping Ip be¬ 
tween 10 pA and 200 /uA) the output dc level will be equal 
to Vf. The expression for determining Vodc 'S- 

where <t> is the Vrf drop of the input transistors (approxi¬ 
mately 0.6 Vdc (s> +25°C and assumed equal). A| is the 
current mirror gain. 

2. Gain Determination 
A. Inverting Amplifier 

The amplifier is normally used in the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normally capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output is capacitively coupled to the load, the value of 


FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 


FIGURE 21 - INVERTING AMPLIFIER WITH 
Ay = 100 AND Vp = Vcc 


510 k 
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MC3301 


NORMAL DESIGN PROCEDURE(continued) 



Ijink becomes a limitation with respect to the load driving 
capabilities of the device. The limitation is less severe if the 
device is direct coupled. In this configuration, the ac gain 
is determined by the ratio of Rf to Rj, in the same manner 
as for a conventional operational amplifier; 



The lower corner frequency is determined by the coupling 
capacitors to the input and load resistors. The upper corner 
frequency will usually be determined by the amplifier in-, 
ternal compensation. The amplifier unity gain bandwidth 
is typically 4.0 MHz and with the gain roll-off at 20 dB per 
decade, bandwidth will typically be 400 kHz with 20 dB of 
closed loop gain or 40 kHz with 40 dB of closed loop gain. 
The exception to this occurs at low gains where the input 
resistor selected is large. The pole formed by the amplifier 
input capacitance, stray capacitance and the input resiWr 
may occur before the closed loop gain .intercepts the open 
loop response curve. The inverting input capacity is typi¬ 
cally 3.0 pF. 


B. Noninverting Amplifier 


The MC3301 may be used in the noninverting mode (see 
Figure 4, first page). The amplifier gain in this configuration 
is subject to the current mirror gain. In addition, the resis¬ 
tance of the input diode must be included in the value of 


the input resistor. This resistance is approximately — ohms, 

'r 

where l^ is input current in milliamperes. The noninverting 
ac gain expression is given by: 


(Rf)(A|) 

"r + 

' Ip (rriA) 


The bandwidth of the noninverting configuration for a given 
Rf value is essentially independent of the gain chosen. For 
Rf = 510 kn the bandwidth will be in excess of 200 kHz 
for noninverting gains of 1, 10, or 100. This is a result of 
the loop gain remaining constant for these gains since the 
input resistor is effectively isolated from the feedback loop. 


TYPICAL APPLICATIONS 


FIGURE 22 - TACHOMETER CIRCUIT 


Vcc=+12V 



Hysterisis Voltage for Switching 
R1 


Timing Interval: t = 0.7 R1 Cl 


VH = ^'r (Vcc-1-6) 


^ Vp-p = (Vo-0.6) • A| • t 


RyCl 


FIGURE 23 - VOLTAGE REGULATOR FIGURE 24 - LOGIC "OR" GATE 



For positive Tc zeners R2 and R1 can be 
selected to give 0 Tc output. 
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TYPICAL APPLICATIONS (continued) 


FIGURE 25 - LOGIC "NAND" GATE (Large Fan-In) FIGURE 26 - LOGIC "NOR" GATE 



FIGURE 27 - R-S FLIP-FLOP FIGURE 28 - ASTABLE MULTIVIBRATOR 









MC3401 


Specifica^tions and Applications 
Information 


QUAD SINGLE-SUPPLY OPERATIONAL AMPLIFIER 


These internally compensated operational amplifiers are de¬ 
signed specifically for single positive power supply applications 
found in industrial control systems and automotive electronics. 
Each MC3401 device contairis four independent amplifiers — 
making it ideal for applications such as active filters, multi-channel 
amplifiers, tachometer, oscillator and other similar usages. 


• Single-Supply Operation — -t5.0 Vdc to -i-18 Vdc 

• Internally Compensated 

• Wide Unity Gain Bandwidth - 5.0 MHz typical 

• Low Input Bias Current - 50 nA typical 

• High Open-Loop Gain - 1000 V/V minimum 


QUAD 

OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - EQUIVALENT CIRCUIT 










































IVIC340r 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+18 

Vdc 

Non-inverting Input Current 

*in 

5.0 

mA 

Power Dissipation 



Pd 

625 

mW 

Derate above T^ = +25°C 




5.0 

mW/Oc 

Operating Temperature Range 

Ta 

0 to + 70 

c 

c . 

Storage Temperature Range 

Tstg 

-65 to +150 

c 

c 

ELECTRICAL CHARACTERISTICS IVcc = +15 Vdc, Rl = 5.0 kn, Ta = 

+25°C (each amplifier) unless otherwise noted] 


Characteristic 

Fig. No. 

Note 

Symbol 

Min 

Typ 

Max 

Unit 

Open-Loop Voltage Gain 

5,9,10 

1 




mH 

v/v 

Ta = +25°C 




1000 

2000 



0°C < Ta < +70°C 




800 

- 



Quiescent Power Supply Current (Total for four amplifiers) 


2 



HI 


mAdc 

Noninverting inputs open 

■■ 


•do 



10 


Noninverting inputs grounded 

■■ 


•dg 


7.8 

14 


Input Bias Current, Rl = 

5 

3 

•iB 

■mu 



nAdc 

Ta = + 25OC 





50 

300 


0°C < Ta < +70°C 





- 

500 


Output Current 

5 

■PH 




mEi 

mAdc 

Source Capability 

13 


•source 

5.0 

10 



Sink Capability 

14 


•sink 

0.5 

1.0 



Output Voltage 







Vdc 

High Voltage 

7 

5 

Vqh 

13.5 

14.2 

- 


Low Voltage 

7 

5 

Vql 

- 

0.03 

0.1 


. Undistdrted Output Swing (0°C < Ta < +70°C) 

8 

6 

Vo(p-p) 

10 

13.5 

- 

^Ip-p) 

Input Resistance 

5 


Pin 

0.1 

1.0 


MEG n 

Slew Rate (Cl =100 pF, Rl = 5.0 k) 



SR 

- 


- 

V/ps 

Unity Gain Bandwidth 



8W 

- 

EH 

- 

MHz 

Phase Margin 



<t>m 

- 

70 

- 

Degrees 

Power Supply Rejection (f = 100 Hz) 


7 

PSSR 

- 

55 


dB 

Channel Separation (f = 1.0 kHz) 



eol/eo2 

- 

65 

_ 

dB 


NOTES 

1. Open loop voltage gain is defined as the voltage gain from the 
inverting input to the output. 

2. The quiescent current will increase approximately 0.3 mA for 
each noninverting input which is grounded. Leaving the non¬ 
inverting input open causes the apparent input bias current to 
increase slightly (100 nA) at high temperatures. 

3. Input bias current can be defined only for the inverting input. 
The noninverting input is not a true "differential input" — as 
with a conventional 1C operational amplifier. As such this in¬ 
put does not have a requirement for input bias current. 

4. Sink current is specified for linear operation. When the device 
is used as a gate or a comparator (non-linear operation), the 
sink capability of the device is approximately 5.0 milliamperes. 

5. When used as a noninverting amplifier, the minimum output 
voltage is the Vgg of the inverting input transistor. 

6. 'Peak-to-peak restrictions are doe to the variations of the qui¬ 
escent dc output voltage in the standard configuration (Figure 
8 ). 

7. Power supply rejection is. specified at closed loop unity gain, 
and therefore indicates the supply rejection of both the biasing 
circuitry and the feedback amplifier. 
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MC3401 


SIMPLIFIED TEST CIRCUITS 

(Vcc - +15 Vdc. Ru = 5.0 kfi, Ta = +25°C 
[each amplifier) unless otherwise noted)' 


FIGURE 5 - OPEN-LOOP GAIN AND INPUT RESISTANCE 
(INPUT BIAS CURRENT, OUTPUT CURRENT) 



linear operating region. 


FIGURE 6 - QUIESCENT POWER SUPPLY CURRENT 



Ido is total supply current with "+" input open. 

IDG is total supply curreht with "+" input grounded. 


FIGURE 7 - OUTPUT VOLTAGE SWING 


FIGURE 8 - PEAK-TO-PEAK OUTPUT VOLTAGE 



VoL nteasured with input biased up as shown. 
Vqh nieasured with input grounded. 


Rf 

510 k 



tor Rr s 2Rf 
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TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Rl = 5.0 kft, = +25°C 
[each amplifier] unless otherwise noted.) 


FIGURE 9 - OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 



100 1.0 k 10 k 100 k 1.0 M 10 M 


f, FREQUENCY (Hz) 


FIGURE 10 - OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 



FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY 



FIGURE 12^ SUPPLY CURRENT versus SUPPLY VOLTAGE 



FIGURE 13 - LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 



0 2.0 4.0 6,0 8.0 10 12 14 16 18 20 


FIGURE 14 - LINEAR SINK CURRENT versus 
SUPPLY VOLTAGE 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

Vcc, SUPPLYVOLTAGE (Vdc) 
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OPERATION AND APPLICATIONS 

Basic Amplifier 

The basic amplifier is the common emitter stage shown in Figures 
15 and 16. The active load Ij is buffered from the input transistor 
by a PNP transistor, Q4, and from the output by an NPN transistor, 

02. Q2 is biased class A by the current source I2. The magnitude 
of I2 (specified Igink) ^ limiting factor in capacitively coupled 

FIGURE 15 


linear operation at the output. The sink current of the device can 
be forced to exceed the specified level with an incre^e ip the 
distortion appearing at the output. Closed loop stability is main¬ 
tained by an on-the-chip 3-pF capacitor shown in Figure 18. No 
external compensation is required. 


BLOCK DIAGRAM 



A nbninverting input is obtained by adding a current mirror as 
shown in Figure 17. Essentially all current which enters the rion- 
inverting input, Iin2. flows through the diode CR1. The voltage 
drop across CR1 correspond^ to this input current magnitude and 
this same voltage is applied to a matched device, Q3. Thus Q3 is 
biased to conduct an emitter current equal to I|n2. Since the 


alpha current gain of Q3 1, its collector purrent ^ Iin2 also. 
In operation this current flows through an external feedback resis¬ 
tor which generates the output voltage signal. For inverting appli¬ 
cations, the noninverting input is often used to set the dc quiescent 
level at the output. Techniques for doing this are discussed in the 
"Normal Design Procedure" section. 


FIGURE 16 - A BASIC GAIN STAGE FIGURE 17 - OBTAINING A NONINVERTING INPUT 



Biasing Circuitry 

The circuitry common to all four amplifiers is shown in Figure 19. 
The purpose of this circuitry is to provide biasing voltage for the 
PNP and NPN current sources used in the amplifiers. 

The voltage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor R1 is the sum of the drops 
across CR4 anpj CR? rhinus the Vgg of Q8. The PNP current 
sources (Q5, ^tc.) are sgt to the magnitude Vge/RI by transistor 



Q6. Transistor Q7 reduces base current loading. The voltage 
across resistor R2 is the sum of the voltaigg drops across CR2, CR3 
and CR4, minus the VbE drops of transistor Q9 and diode CR5. 
the current thus set is established by CR5 in all the NPN current 
sources (Q10, etc.). This technique results in current source magni¬ 
tudes which are relatively independent of the supply voltage. 


3 - 11 ? 
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OPERATION AND APPLICATIONS (continued) 


FIGURE 18 - A BASIC OPERATIONAL AMPLIFIER FIGURE 19 - BIASING CIRCUITRY 



NORMAL DESIGN PROCEDURE 


1 . 


Output Q-Point Biasing 

A. A number of techniques may be devised to bias the quiescent 
output voltage to an acceptable level. However, in terms of 
loop gain considerations it is usually desirable to use tl^e 
noninverting input to effect the biasing as shown in Figures 
3 and 4. The high impedance of the collector Of the non¬ 
inverting "current mirror" transistor helps to achieve the 
maximum loop gain for any particular configuration' It is 
desirable that the noninverting input current be in the 5 tiA 
to 100/ixA range. 

B. Vcc Reference Voltage (see Figures 3 and 4) 

The noninverting input is normally returned to the Vpc 
voltage (vvhich should be well filtered) through a resistor, 
Rr, allowing the input current, 1^, to be within the range of 
5 pA tolOO pA. Choosing the feedback resistor, Rf, to be 
equal to 14 R^ will now bias the amplifier output dc level to 


This allows for maximum dynamic 


range of the output voltage. 


C. Reference Voltage other than V^c (See Figure 20). 


The biasing resistor Rr may be returned to a voltage (Vf) 


other than V^q. By setting Rf = R^ (still keeping If between 
5 pA and 100 pA) the output dc level will be equal to Vf. 
Neglecting error terms, the expression for determining Vodc 
is: 

(Vr) (Rf) / Rf\^ 

VOdc= —^ 

where 0 is the Vgg drop of the input transistors (approxi¬ 
mately 0.7 Vdc@>+25®C). 

The error terms not appearing in the above equation can 
cause the dc operating point to vary up to 20% from the 
expected value. Error terms are minimized by setting the 
input current within the range of 5 pA to 100 pA. 

2. Gain Determination 
A. Inverting Amplifier 

The amplifier is normally used in the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normally capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output is capacitively coupled to the load, the value of 


FIGURE 20 - INVERTING AMPLIFIER WITH FIGURE 21 - INVERTING AMPLIFIER WITH 

arbitrary reference Av = 100 AND V, = Vcc 
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NORMAL DESIGN PROCEDURE (continued) 


Ijink becomes a limitation with respect to the load driving 
capabilities of the device. The limitation is less severe if the 
device is direct coupled. In this configuration, the ac gain 
is determined by the ratio of Rf to Rj, in the same manner 
as for a conventiohal operational amplifier: 



The lower corner frequency is determined by the coupling 
capacitors to the input and load resistors.The upper corner 
frequency will usually be determined by the amplifier in¬ 
ternal compensation. The amplifier unity gain bandwidth 
is typically 5.0 MHz and with the gain roll-off at 20 dB per 
decade, bandwidth will typically be 500 kHz with 20 dB of 
closed lo^p gain or 50 kHz with 40 dB of closed loop gain. 
The exception to this occurs at low gains where the input 
resistor selected is large. The pole formed by the amplifier 
input capacitance, stray capacitance and the in|5ut resistor 
may occur before the closed loop gain intercepts the open 
loop response' curve. The inverting input capacity is typi¬ 
cally 3.0 pF. 


B- Noninverting Amplifier 

Although recommended as an inverting amplifier, the MC 
3401 may be used in the noninverting mode (see Figure 4). 
The amplifier gain in this configuration is subject to the 
same error terms that affect the output Q point biasing so 
the gain may deviate as much as +20% from that expected. 
In addition, the resistance of the input diode must be in¬ 
cluded in the value of the input resistor; This resistance is 
26 

approximately — ohms, where If is input current in milli- 

•r 

amperes. The noninverting gain expression is given by: 


Av 


Rf 


Ri + 


26 


+ 20 %. 


Ir (mA) 

The bandwidth of the noninverting configuration for a given 
Rf value is essentially independent of the gain chosen. For, 
Rf = 510 kn the bandwidth will be in excess of 200 kHz 
for noninverting gains of 1, 10, or 100. This is a result of 
the.loop gain remaining constant for these gains since the 
input resistor is effectively isolated from the feedback loop. 


TYPICAL APPLICATIONS 

FIGURE 22 - AMPLIFIER AND DRIVER FOR A 50-Of^M LINE 
510k 



FIGURE 23 - BASIC BANDPASS AND NOTCH FILTER 

R 
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Bandpass Gain = 1 
















ORDERING INFORMATION 


Device 

MC3303L 

MC3303P 

MC3403L 

MC3403P 

MC3503L 


TemgertitUfe Range 

-4d'’C to +85'’C 
-40'’C to +85'’C 
Q?q tq' +70“C 
o°eto+70‘‘C 
-SS'C to +125°C 


Package 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 




Spoeif‘iontions-i jvncl Applications 
InfoT'ination 



QUAD LOW POWER OPERATIONAL AMPLIFIERS 

The MC3503 is a low-cost, quad operational amplifier with true 
differential inputs. The device has electrical characteristics similar to 
the popular MC1741. However, the MC3503 has several distinct 
advantages over standard operational amplifier types in single supply 
applications. The quad amplifier can operate at supply voltages as 
low as 3.0 Volts or as high as 36 Volts with quiescent currents 
about one third of those associated with the MCI 741 (on a per 
amplifier basis), The common mode input range includes the negative 
supply, thereby eliminating the necessity for external biasing com¬ 
ponents in many applications. The output voltage range also includes 
the negative power supply voltage. 

• Short Circuit Protected Outputs 

• Class AB Output Stage for Minimal Crossover Distortion 

• True Differential Input Stage 

• Single. Supply Operation: 3.0 to 36 Volts 

• Split Supply Operation: ±1.5 to ±18 Volts 

• Low Input Bias Currents: 500 nA Max 

• Four Amplifiers Per Package 
f Internally Compensated 

• Similar Performance to Popular MCI 741 


QUAD DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 

(MC3403 and MC3303 only) 


MAXIMUM RATINGS 


Rating 


Power Supply Voltages 
Single Supply 
Split Supplies 



Input Differential Voltage Range (1) 


Input Common Mode Voltage Range (1) (2) 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MC3503 
MC3403 
MC3303 


Junction Temperature 
Ceramic Package 
Plastic Package 


(1) Split Power Supplies. 

(2) For Supply Voltages less than ±15 V, the absolute maximum input voltage is equal to the 
supply voltage. 

















































MC3403, MC3503, MC3303 


ELECTRICAL CHARACTERISTICS (Vcc “ +15 V. Vee = -15 V for MC3503. MC34CI3. Vcc ' +1^ V. Vee Gnd for MCC3303. 
Ta = 25®C unless otherwise noted.) 


CKaractwistic 


Input Offset Voltage 

Ta = Thigh T|ow ^1^ 


Input Offset Current 

Ta “ Thigh T|Qyy, 


targe Signal Open-Loop Voltage Gain 
Vo= iIOV.Rl^ 2.0 ku; 

Ta ■ Thigh to T(ow 


Input Bias Current 

Ta ■ Thigh t® T|o^^t 


Output Impedance 
f = 20H2 


Input Impedarice 
f = 20Hz 


Output Voltage Range 
Rl = lOkil 
2.0 kSl 

° 2.0 kfi, Ta ~ Thigh toT^o^^ 



Common-Mode Rejection Ratio • 
RS < 10 ki] 


Individual Output ShortCircuit Current (2) 


Positive Power Supply Rejection Ratio 


Negative Power Supply Rejection Ratio 


Average Temperature Coefficient of Input 
Offset Current 

•Ta “Thigh t® 


Average Temperature Coefficient of Input 
Offset Voltage 
^A "Thigh 


Power Bandwidth 

Ay “ 1, Rl “ 2.0 kil. Vq “ 20 V(p p), 
THD » 5% 


Small-Signal Bandwidth 

Ay “ I.Rl* lOkn. Vo = 50 mV 


Slew Rate 

Av*1.Vj»-10Vto+10V 


Rise Time 

Av»1.RL“10kJI. Vn* 50mV 


Phase Margin 

Ay » 1. Rl = 2.0 kn. Cl “ 200pF 


Crossover Distortion 

(Vin = 30mVp-p,Vout= 2.0Vp-p. 
f = 10 kHz) 





{11 Thigh = 125°C for MC3503. 70°C for MC3403. 85®C for MC3303 
flow = -55°C for MC3S03, 0®C for MC3403, ~40°C for MC3303 
ELECTRICAL CHARACTERISTICS (Vcc " ® ® ^EE “ Grid, Ta =■ 25®C unless otherwise noted.) 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Large-Signal Open-Lo(H> Voltage Gain 
RL*2.6kn 


Power Supply Relation Ratio 


Output Voltage Range (3) 
RL“10kn. Vcc* 5.0 V 
Rl 10 kO. 6.0 V < Vcc < 30 V 


Power Supply Current 


Channel Separation 

f » 1.0 kHz to 20 kHz (Input Referenced) 



(2) Not to exceed maximum package power diwipation. 

(3) Output will swing to grourid 


MOTOROLA Semiconductor Products Inc. 


^ <1 <1 *7 


























































































































































MC3403, MC3503, MC3303 


CIRCUIT SCHEMATIC 



INVERTER PULSE RESPONSE 



CIRCUIT DESqRIPTION 

The IVIC3503/3403/3303 is made using four internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon-' 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation. 


>Vg£ (God) 


without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second st^e con¬ 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper¬ 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 

THERMAL INFORMATION 

The maximum pow^r consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

Tj(max) "Ta 


PD(Ta) = 


RejAiTypI 


Where: Pd(Ta) ” Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) ~ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

Ta = Maximum Desired Operating Ambient 
Temperature 

R0jA(Typ) = Typical Thermal Resistance Junction to' 
Ambient 


MOTOROLA Semiconductor Products Inc. 


3-118 





















MC3403, MC3503, MC3303 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 - SINE WAVE RESPONSE 


FIGURE 2 - OPEN LOOP FREOUENCY RESPONSE 
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FIGURE 3 - POWER BANDWIDTH 
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FIGURE 4 - OUTPUT SWING versus SUPPLY VOLTAGE 


f, FREQUENCY (Hz) 


Vcc and Vee, PQWER supply voltages (VOLTS). 


FIGURE 5 - INPUT BIAS CURRENT versus TEMPERATURE 


Vcc=15V _ 
Vee = -15V 
Ta = 25<>C - 


FIGURE 6- INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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MC3403, MC3503, MC3303 


FIGURE 12 - FUNCTION GENERATOR 


Triangle Wave 



Square Wave 
Output 


R1 + RC R2 R1 

■■ --— if B3 =- 

4 CRf R1 R2 + R1 


FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



•Vq 

Co 

Co = 10 c 


Vref = ^ Vcc 


Given * Center Frequency 

A^fn) = Gain at Center Frequency 


Choose Vaiue C 
Then: 


2 A(fo) 

R1 R5 

4q2 ri _ r5 


For less than 10% error from operational amplifier 

^O.l Where and BW are expressed in Hz. 
BW ® 


If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameters. 


I 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently. assumed for inaccuracies. , Furthermore, such information does not 
complete information sufficient for construction purposes is not - convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


MOTOROLA SGmic€>n€tuCt€>r Rr€>€lucts Inc, 
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Specifica^tions arid Applications 
Information 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VgE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MCI 558 dual operational 
amplifier. The MC3558 Series is equivalent to one-half of a MC3503. 

These amplifiers have several distinct advantages over standard ■ 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MCI741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

• Short Circuit Protected Outputs 

• True Differential Input Stage 

• Single Supply Operation: 3.0 to 36 Volts 

• Low Input Bias Currents 

• Internally Compensated 

• Common Mode Range Extends to Negative Supply 

• Class AB Output Stage for Minimum Crossover Distortion 

• Single and Split Supply Operations Available 

• Similar Performance to the Popular MCI 558 


DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 



Output A 


MAXIMUM RATINGS 

Rating 

Symbol 

Power Supply Voltages 

Single Supply 

Split Supplies 

Vcc 

Vcc 

Vee 

Input Differential Voltage 

Ranged) 

V|DR 

Input Common Mode Voltage 

Range (2) 

V|CR 

Input Forward Current 
(V| < -0.3 V) 

'IF 

Junction Temperature 

Ceramic and Metal Packages 
Plastic Package 

Tj 

Storage Temperature Range 

Ceramic and Metal Packages 
Plastic Package 

^stg 

Operating Ambient Temper¬ 
ature Range 

MC3558 

MC3458 

MC3358 

Ta 



-65 to -t-IBO 
-55 to +125 


-55 to +125 
0 to +70 
-40 to +85 


(1) Split Power Supplies. 

(2) For Supply Voltages less than ± 15 V, the absolute maximum input voltage is equal to 
the supply voltage. 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 

(MC3458, MC3358 only) 



U SUFFIX ■ 
CERAMIC PACKAGE 
CASE 693 




£l '^CC 

T] Output 8 
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MC3458, MC3558, MC3358 


(For MC3558. MC3458. Vcc “ +15 y. Vgg * -15 V. Ta = 25®C unless otherwise noted.) (For MC3358. Vcc “ +14 V. Veg » Gnd, 
ELECTRICAL CHARACTERISTICS Ta ^ 25^C, unless otherwise noted.) 



Phase Margin- 

Ay * 1, Rl * 2.0 kn. Cl = 20 PpF 


Crossover Distortion 

(Vjn = 30mVp-p, Vout " 2.0 Vp-p, 
f = 10 kHz) 


(1) Thigh = 125°C for MC3558. 70®C for MC3458. 85°C forMC3358, 

T|ow = -55®C for MC3558. 0°C for MC3458, -40°C for MC3358. 

ELECTRICAL CHARACTERISTICS (Vqc " 5.0 V. VgE * Gnd, Ta ® 25°C unless otherwise noted.) 


Charaeteristie 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Large-Signal Open-Loop Voltage Gain 
RL = 2.0kn 


Power Supply Rejection Ratio 


Output Voltage Range (3) 

Rl' lOkO, Vcc = 5,0V 
Rl - 10 kn, 5.0 V < Vcc <30 V 


Power Supply Current 


Channel Separation 

f = 1.0 kHz to 20 kHz (Input Referenced) - 


(2) Not to exceed maximum package power dissipation. 

(3) Output will swing to ground 



motorola Semiconductor Rroducte Inc. 
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5 V/div. 


iVIC3458, MC3558, MC3358 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 

Common to Both 




20 /lis/div. 


CIRCUIT DESCRIPTION 

The MC3558 Series is made using two internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

The output stage is unique decause it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper¬ 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


(^) MOTOROLA Semiconductor Rrdducic Inc. 


3-124 













he, INPUT BIAS CURRENT (nA) Vq, OUTPUT VOLTAGE (VOLTS p p) 50 mV/div. 0.5 V/div; 


IVIC3458, MC3558, MC3358 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 - SINE WAVE RESPONSE 




1.0 10 100 I.Ok 10k 100k I.OM 

f, FREQUENCY (Hz) 



1.0 k 10 k 100 k I.OM 

f, FREQUENCY (Hz) 


FIGURE 4- OUTPUT SWING versus SUPPLY VOLTAGE 



FIGURE 5- 


INPUT BIAS CURRENT versus TEMPERATURE 



-75 -55 -35 -15 5.0 25 45 65 85 105 125 


T, TEMPERATURE (OC) 


FIGURE 6 - INPUT BIAS CURRENT versus SUPPLY VOLTAGE 



Vcc AND IVeeI, POWER SUPPLY VOLTAGES (VOLTS) 



MOTOROLA Scmiconducttfr Products InG. 
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MC3458, MC3558, MC3358 


APPLICATIONS INFORMATION 


- VOLTAGE REFERENCE 



FIGURE 8 - WEIN BRIDGE OSCILLATOR 


^ref 


Vref = o 



FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


FIGURE 10 - COMPARATOR WITH HYSTERESIS 



'^ref 



Vref 


, = C (1 + a + b) (e2 - el) 


'^inL ' p , + pj^ (^OL - '^ref> + '^ref 

VinH <Voh - Vref> + '^ref 

° - ''OL> 


FIGURE 11 - BI-QUAD FILTER 
-WW- 



Vref = ~'^CC 


Vref 


♦ Notch Output n = isokfl 
C= 0.001 tiF 
R1 = 1.6 Mfi 

Where T 0 p = Center Frequency Gain P2 =1.6 MH 
= Passband Notch Gain R3 = 1,6 Mfi 


<S 


MOTOROLA Semiconductor Rrtxtuctc Inc. 
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MC3458, MC3558, IVIC3358 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 - FUNCTION GENERATOR 


^ref ' 2 

Vref 


Triangle Wave 



Square Wave 
Output 


R1 + RC 
4 CRf R1 


FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



Co 

Co = 10 c 


Vref = X Vcc 


Given fg * Center Frequency 

A(fo) = Gain at Center Frequency 


Choose Value fg. C 
Then: 


2 A(fo) 

R1 R3 

4q2 R1 - B3 

For less than 10% error from operational amplifier 

" -<0.1 Where fg and BW are expressed in Hz. 


If source impedance varies, filter may be proceeded with 
voltage follower buffer to stabilize filter parameters. 




Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, np responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not- convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


MOTOROLA Semiconductor Productc Inc. 
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Advance Information 


QUAD WIDEBAND OPERATIONAL AMPLIFIERS 

The MC3471/MC3571 is one of the first quad FET-input opera¬ 
tional amplifiers offered to the industry. Its FET input gives the 
amplifier a very high input impedance and extremely low input 
characteristics. The MC3471 also features a unity gain stable 10 MHz 
bandwidth. 

This large bandwidth makes this device excellent for active filter 
applications where high frequency perforrpance is required. It is also 
very useful as a general purpose high performance operational 
amplifier because of its attractive input characteristics. 

• Four Amplifiers on a Single Monolithic Chip 

• FET Input 

• Bandwidth = 10 MHz (Unity Gain Stable) 

• High Input jmpedance 

• Low Input Offset Currents (20 pA) 

• No External Compensation Required 

• High Slew Rate (20 V/as) 


Rating 


Power Supply Voltage 


Input Differential Voltage 


Input Common Mode Voltage 


Output Short-Circuit Duration 


Power Dissipation 
Plastic package 
Ceramic package 


Operating Temperature Range 
MC3471 
MC3571 


Storage Tetiiperature Range 


Operating Junction Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 
Plastic (Case 646) 

Ceramic (Case 632) 





QUAD FET-INPUT 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




ORDERING INFORMATION 



This is advance information and specifications are subject to change without notice. 
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MC3471, MC3571 


ELECTRICAL CHARACTERISTICS (Vqc = +15 V, VgE = -15 V,T/^ = 25°C unless otherwise noted.) 




MC3471 

MC3571 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Imput Offset Voltage 

V|0 


■BH 



■BB 

■1 

mV 

(Rs=10kn) 


- 


6.0 





(Rs = 10 kf2, T|ovi/ to Thjqh) 


- 


7.5 



B-tW 


■ llllllll lllllll—— ■ 

•to 

- 

- 

20 

-- 1 

- 


pA 

Input Bias Current 

<IB 

- 

20 

200 

- 

20 

BTtlB 

pA 

Large-Signal Open Loop Voltage Gain 

avol 





BBI 

HIH 

v/v 

(RL = 2.0kn) 


25 k 


- 

50 k 




(Rl = 2.0 kf2, T)o^ to Tt,jqh) 


15k 


- 

25 k 




Power Supply Current 

•cc 

■BH 

■■■■ 

■■1 

I^^Bj 

■^B| 


mA 

(Ta = 25°C) 







8.0 


ITa ~ Tjq^i^, to T^jgh) 







8.5 


(Ta = 25°C) 

lEE 



mm 



8.0 


ITa - to Thjgf,) 




12 



8.5 


Common-Mode Rejection Ratio 

CMRR 

80 

- 

- 

80 

- 

- 

dB 

^^low ^highl 









Power Supply Rejection Ratio 

PSRR 

70 

- 

- 

70 


- 

dB 

IT|ow ^0 ^highl 









Output Voltage 

Vo 

■H 


BH|B| 




V 

(R[_ = 20 kfl, T(o,^ to Thjgfi) 


mm 

±12 


±10 




(RL = 10 kn, T(q|^ to Thiqf,) 


BI9 

±13 


±12 

WBM 

II^SH 


Input Common-Mode Voltage Range 

V|CR 

*10 

- 

- 

±10 

- 

- 

V 

Input Differential Voltage Range 

V|DR 


- 

- 

±30 

, - 

-, 

V 

Output Short-Circuit Current 

•os 

- 

25 

- 

- 

25 

- 

mA 

(Shorted to Supplies) 









Small-Signal Bandwidth 

BW 

8.0 

10 

- 

8.0 

10 

- 

MHz 

Power Bandwidth 

BWp 

200 

- ■ 

- 

200 

- 


kHz 

(Vout = *10V) 









Unity Gain Crossover Frequency 


8.0 


- 

8.0 

10 

- 

MHz 

Power Consumption 

Pc 

■■IB 



___ 



mVtf 

(Ta = 25°G) 




300 



240 


(Ta “ Tiovy, to Thigh) 


BBI 

BinBm 

360 



255 


Channel Separation 

- 

80 

- 

- 


- 

- 

dB 

Slew Rate 

SR 

20 

- 

- 

20 

- 


V/ps 


(M) MOTOftOLA Semicondvictor Products tnc. 
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Device 

Temperature Range 

Package 

MC3476G 

0°Cto+70°C 

Metal Can 

MC3476P1 

0'’C to +70°C 

Plastic DIP 


MC3476 


PROGRAMMABLE OPERATIONAL AMPLIFIER 

This extremely versatile operational amplifier features low power 
consumption, and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of an 
external resistor value or currept source applied to the Ijet input. 
This allows the amplifier's characteristics to be optimized for input 
current, power consumption and input voltage despite wide varia¬ 
tions in operating power supply voltages. 

• ±6.0 V to ±15 V Operation 

• Wide Programming Range 

• Offset Null Capability 

• No Frequency Compensation Required 

• Lovv Input Bias Currents 

• Short-Circuit Protection 


resistive PROGRAMMING (See Figure 1.) 


PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



r Offset Nu 11(T) 
Inverting Input (2)-l 
Non-Inverting Input!® 


® VCC ^ 

>—@ Output 
(§) Offset Null 


G SUFFIX 
METAL PACKAGE 
CASE 601-03 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 


Offset Null (T 
Inverting Input 
Non-Inverting Input [T 
Vee [T 



S *set 

H vcc 

Output 

1] Offset Null 















































MC3476 


MAXIMUM RATINGS(Ta = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc- Vee 

±.18 

Vdc 

Input Differential Voltage Range 

V|DR 

±30 

Vdc 

Input Common-Mode Voltage Range 

V|CR 

vcc. vee 

Vdc 

Offset Null to Vee Voltage 

Voff-^EE 

±0.5 

Vdc 

Programming Current 

Uet 

200 

nA 

Programming Voltage 

(Voltage from Ijg^ terminal to ground) 

'/set 

(Vcc-0.6 V) 
to 

Vcc 

Vdc 

Output Short-Circuit Duration* 

ts 

Indefinite 

s 

Operating Ambient Temperature Range 

Ta 

0 to ±70 

oc 

Storage Temperature Range 

^stg 

-65 to + 150 

°c 

Power Dissipation (Package Limitation) 

Metal Package @ Ta = +25°C 

Derate above 25°C 

Plastic Package @ Ta =+25°C 

Derate above 25°C 

Pd 

m 

mW 

mW/°C 

mW 

mW/Oc 


‘Short-Circuit to ground with Ijet < 15 mA. Rating applies up to ambient temperature of +70°C. 


EQUIVALENT SCHEMATIC DIAGRAM 

















































SISTOR (OHMS) 


MC3476 


ELECTRICAL CHARACTERISTICS (V^c = +15 V, Vgg = -15 V, Iget =15 mA, T/\ = +25°C unless otherwise noted.) 


Characteristic 

Symbol 


Typ 

Max 

Unit 

Input Offset Voltage (Rs <10 kh) 

V|0 




mV 

Ta = +25^0 



2.0 

6.0 


0°C < Ta < 70OC 



- 

7.5 


Input Offset Current 

•10 




nA 

Ta = + 25 OC 




25 


Ta = 70°C 


_ 


25 


Ta = 0°C 


- 


40 


Input Bias Current 

'iB 




nA 

Ta=+250C 



15 

50 


Ta = 70°C 


_ 

_ 

50 


Ta=0°C 



- 

100 


Input Resistance 

n 

- 

5.0 

- 

Mn 

Input Capacitance 

Ci 

- 

2.0 

- 

pF 

Offset Voltage Adjustment Range 

V|OR 

- 

18 

- 

mV 

Large Signal Voltage Gajp 

A VOL 





Rl > 10 kn, Vo =+10 V, Ta =+25°C 


50 k 

400 k 

_ 


Rl > lOkn, Vo = +10 V, 0°C <Ta < 70OC 


25 k 

- 

- 


Output Resistance 

ro 

- 

1.0 

- 

kn 

Output Short-Circuit Current 

•os 

- 

12 


mA 

Supply Current 

'CC. 'EE 

■miiii 



pA 

Ta = +25°C 



160 

200 


0°C < Ta < 70°C 



- 

225 


Power Consumption 

Pc 


mHUBjiii 


mW 

Ta = +25°C 




6.0 


0°C < Ta < 70°C 




6.75 


Transient Response (Unity Ggin) 






Vin = 20 mV, Rl > 10 kf2, Cl = 100 pF 






Rise Time 

*TLH 

- 

0.35 

- 

MS 

Overshoot 

os 

- 

10 

- 

% 

Slew Rate (Rl > 10 kn) 

SR 

- 

0.8 

- 

V/ms 

Output Voltage Range 

VOR 




V 

Rl > lOkn, Ta = +25®C 


+12 

±13 

_ 


Rl > 10 kn, o°c < Ta < 70°c 


t12 

- 

-■ 


Input Common-IVIode Voltage Range 

V|CR 



_ 

V 

qoc < Ta < 70°C 


■■■ 




Common-IVIode Rejection Ratio 

CMRR 

70 

90 

_ 

dB 

Rs < 10 kn, 0°C < Ta < 70°c 






Supply Voltage Rejection Ratio 

PSRR 

- 

25 

200 

mV/V 

Rs < 10 kn, 0°C < Ta < 70°c 







TYPICAL CHARACTERISTICS 

(T^ =+25°C unless otherwise noted.) 

FIGURE 2 - POSITIVE STANDBY SUPPLY 

FIGURE 1 - SET CURRENT versus SET RESISTOR CURRENT yersuS SET CURRENT 
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MC3476 


TYPICAL CHARACTERISTICS (continued) 
(Ta = +25°C unless otherwise noted.) 


FIGURE 3 - OPEN-tOOP GAIN versus SET CURRENT 



0.1 1.0 10 100 
Iset, SET CURRENT (mA) 


FIGURE 4 - INPUT 6lA§ CURRENT versus SET CURRENT 



FIGURE 5 - SLEW RATE 
versus SET CURRENT 


FIGURE 6 - GAIN-BAMDWIDTH PRODUCT (GBW) 
versus SET CURRENT 




FIGURE 7 - OUTPUT VoL+AGE SWING 



1.0 k 10k 100k I.OM 

RL, LOAD RESISTANCE (OHMS) 


FIGURE 8 - OUTPUT SWING 
versus SUPPLY VOLTAGE 



Ol^ .J_I_ I I I I I I _I_I 

0 2.0 4.0 6.0 8.0 10 12 14 18 18 20 

vcc, iveei. supply voltages (V) 
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MC4202C 


Adva^nce Information 


PROGRAMMABLE QUAD OPERATIONAL AMPLIFIER 

The MC4202C is an array of four independent operational ampli¬ 
fiers on a single silicon chip. The operating current of the array is 
externally controlled by a single resistor or current source, allowing 
the user to trade-off power dissipation for bandwidth. 

• Wide Input Voltage and Common Mode Range 

• Externally Programmable 

• Internal Frequency Compensation 

• No Latch-Up 

• Matched Parameters 

• Short-Circuit Protection 


PROGRAMMABLE QUAD 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Device 

Temperature 

Range 

Package 

MC4202CL 

0 to +70°C 

Ceramic DIP 

MC4202CP 

0 to +70°C 

Plastic DIP 


This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS 


Rating 


Supply Voltage 


Difterential Input Voltage Range 


Common-Mode Range 


Short-Circuit Duration 


Operating Ambient Temperature Range 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range 


Notes: 

1. Ceramic dual-in-line package rating applies for case temperatures to+125°C; derate 
linearly at 10,mW/°C for ambient temperatures above +95°C. Plastic dual-in-line 
package rating applies for case temperatures to 70°C; derate linearly at 6.7 mW/°C 
for ambient temperatures above -r55°C. 

2. Short-circuit may be taken to either supply line or ground on only one amplifier 




ELECTRICAL CHARACTERISTICS* - High Power Mode (Vcc = 15 V, V^e = -15 V, Iset = 75/iA and 

Ty^ = -f25°C unless otherwise noted.) 


Short-Circuit Current 


Supply Current'” 


Input Offset Voltage 
(RS<10kn) 


Input Bias Current 


' Input Offset Current 


Input Resistance 


Input Common Mode Voltage Range 


Common Mode Rejection Ratio 


Voltage Supply Rejection Ratio 


Large-Signal Voltage Gain 

(RL = 3.0kn, AVo = ±10V) 


Output Voltage Swing 
(Rl = 3.0 kn) 


Gain Bandwidth Product 


Rise Time 

(AVq = ±20 mV) 


Overshoot 

(AVo = ±20mV) 


Channel Separation 

(Rl = 2.0 kn, f = 1.0 Hz) 
(Rl = 2.0 kn, f = 10 kHz) 




Equivalent Input Voltage Noise 
(Bandwidth = 100 Hz to 10 KHz) 



MOTOROLA Semiconductor Products Inc. 
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TOTALSUPPLY CURRENT (jiA) 


ELECTRICAL CHARACTERISTICS* - Micropower Mode (Vcc r+1.5 V, Vge = -15 V, Iset = I .OmA unless otherwise noted.) 


Characteristic 


Supply Current^' 


Input Bias Current 


Input Offset Current 


Input Offset Voltage 
(Rs±<10kn) 


Input Resistance ' 


Input Common Mode Voltage Range 


Common Mode Rejection Ratio 


Voltage Supply Rejection Ratio 


Large Signal Voltage Gain 
(RL^IOOkn) 


Gain Bandwidth Product 


Phase Margin 


Rise Time 

(AVo = ±20mV) 


Overshoot 

(AVo = ±20mV) 


Channel Separation, Any Amplifier Pair 
(RL = 20kn, f= 1.0 Hz, AVd = ±0.5V) 
(Rl = 10kn,f= 1.0 kHz, AVo = ±0.5 V) 


Equivalent Input Voltage Noise 
(Bandwidth =100 Hz to 10 kHz) 



ELECTRICAL CHARACTERISTICS — Parameter Matching (Iggi =75 pA, tests apply for parameter matching between any 

operational amplifier pair.) 



















































































































INPUT BIAS CURRENT (nA) 




























Advance Information 


MC4558 

MC4558C 



DUAL WIDEBAND OPERATIONAL AMPLIFIER 

The MC4558 and MC4558C combine all the outstanding features 
of the MC1458, and in addition, possesses several times the unity 
gain bandwidth of the industry standard. 

• 2.5 MHz Unity Gain Bandwidth Guaranteed 

• Internally Compensated 

• Short Circuit Protection 

• Gain and Phase Match Between Amplifiers 

• Low Power Consumption 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


±30 


±15 


Continuous 


0 to ±70 -55 to+ 125 °C 


-65 to +150 
-55 to H26 


Rating 

Symbol 

Power Supply Voltage 

Vcc 
. Vee 

Input Differential Voltage 

V(0 

Input Common Mode Voltage (Note 1) 

V|CM 

Output Short Circuit Duration (Note 2) 

IS 

Operating Ambient Temperature Range 

Ta 

Storage Temperature Range 

Metal, Flat and Ceramic PacKages 

Plastic Packages 

^stg 

Junction Temperature 

Metal and Ceramic Package 

Plastic Package 

Tj 



Note 1. For supply voltages less than ± 15 V. the absolute maximum input voltage is equal 
to the supply voltage- 

Note 2. Supply voltage equal to or less than 15 V. 


DUAL 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 

METAL PACKAGE 
CASE 601 


VcC 

Output 

Output B 

nputs \%-//lnpi 
A J©/ B 






ORDERING INFORMATION | 

Device 

Temperature 

Range 

Package 

MC4B58G 

-55 to +125°C 

Metal Can 

MC4558U 

-55 to +125°C 

Ceramic DIP 

IVIC4558CG 

0 to +70°C 

Metal Can 

MC4558CP1 

0 to +70°C 

Plastic DIP 

MC4558CU 

Oto +70°C 

Ceramic DIP 


This is advance information and specifications are subject to change without notice. 
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FREQUENCY CHARACTERISTICS (Vcc = 15 v, Vge - -15 V, Ta - 25°C) 


Symbol 


Unity Gain Bandwidth 

(Av = 1) 


Electrical characteristics (Vcc = 15 V, Vee = -15 V,Ta = 25°c unless otherwise noted.) 


Input Offset Voltage V(o 

(Rs<10kU) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Common Mode Input Voltage Range I V((jpj 


Large Signal Voltage Gain A^, 

(Vo = ±10 V, Rl= 2.0 kn) 50 200 


Output Resistance 


Common Mode Rejection Ratio 
IRs < 10 kfi) 


Supply Voltage Rejection Ratio 
(Rs < 10 kJ2) 


Output Voltage Swing 
(R,L .> 10 ka) 

(Rl > 2 kf2) 


Output Short-Circuit Current 


Supply Currents (Both Amplifiers) 


Power Consumption. 


transient Response (Unity Gain) 

■ (V| = 20mV, Rl > 2kn, Cl < 100 pF) Rise Time 
(V| = 20mV, Rl > 2 kn, Cl < 100 pF) Overshoot 
(V| = 10V, RL>2kn,.CL<100pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Vee =- 15 V, Ta = *Thigh 1 ° Tunless otherwise noted). 


Input Offset Voltage 

(Rs < 10 kn) 


Input Offset Current 
(Ta = 125°C) 

(Ta = -55°C) 

(Ta = 0°C to -t70°C) 


Input Bias Current 
(Ta = 125°C)- 
(Ta = -55°C) 

(Ta = 0°C to -f70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 

(Rs < 10 kn) 


Supply Voltage Rejection Ratio 
(Rs < 10 kn) 


Output Voltage Swing 
(RL>10kn) 
(RL>2kn) 


Large Signal Voltage Gain 
(Vo = ±10V, Rl= 2 kn) 



1.0 


7.0 

200 

85 

500 

30 

500 

300 

1500 

- 

- 

.±13 

- 

90 


30 

150 


Supply Currents (Both Amplifiers) 
(Ta = 125°C) 

(Ta = -55°C) 


Power Consumption 
(Ta=125°C) 
(Ta = -55°C) 


•Thigh = 125°C for MC4558 and 70°C for MC4558C 
T|ow = '55°C for MC4558 and 0°C for MC4558C 



2.0 

6.0 

mV 

20 

, 200 

nA 








MOTOROLA Semicf^ndtjctor Products Inc. 
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MC4741 

MC4741C 


Specificaitions a,ncl Applica^tions 
Information. 


QUAD MC1741 OPERATIONAL AMPLIFIERS 


QUADIVIC1741 
DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC4741 series is a true quad MCI741 Integrated on a single 
monolithic chip are four independent, low-power operational 
amplifiers which have been designed to provide operating char¬ 
acteristics identical to those of the industry standard MC1741i and 
can be applied with no change in circuit performance. 

The MC4741 can be used in applications where amplifier matching 
or high packing density is important. Other applications include 
high impedance buffer amplifiers and active filter amplifiers. 


• Each Amplifier is Functionally Equivalent to the MC1741 

• Class AB Output Stage Eliminates Crossover Distortion 

• True Differential Inputs 

• Internally Frequency Compensated 

• Short Circuit Protection 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



Low Power Supply Current (0.6 mA/Amplifier) 



P SUFFIX 

PLASTIC PACKAGE 
CASE 646 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 

















MC4741, IVIC4741C 


MAXIMUM RATINGSITa = +25°C unless otherwise noted), 


Rating 


mmuM 

lumj 


Power Supply Voltage 

Vcc 

+22 

+ 18 

Vdc 


Vee 

-22 

-18 

Vdc 

Input Differential Voltage 

V|D 

±44 

±36 

BBIBl 

Input Common Mode Voltage 

V|CM 

±22 

±18 

BEOS 

Output Short Cireuit Duration 

ts 

Continuous 


Operating Ambient Temperature Range 

Ta 

-55 to +125 

0 to +70 

la 

Storage Temperature Range 

Tstg 




Ceramic Package 

-65 to +150 

IB 

Plastic Package 


-55 to+125 


Junction Temperature 

Tj 




Ceramic Package 


175 

II 

Plastic Package 


150 

■1 


TYPICAL APPLICATION 


HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 



O lAl 

































ELECTRICAL CHARACTERISTICS (Vcc = +15 V, 


Characteristic 


Input Offset Voltage 
(Rs<10k) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
IVo = ±10 V, Rl>2.0I<) 


Output Resistance 


Common Mode Rejection Ratio 
(Rs<10k) 


Supply Voltage Rejection Ratio 
(Rs<10k) 


Output Voltage Swing 
(RL>10k) 
(RL>2k) 


Output Short-Circuit Current 


Supply Current - (All Amplifiers) 


Power Consumption (All Amplifiers) 


Transient Response (Unity Gain — Non-Inverting) 

(V| = 20 mV, Rl > 2 k, Cl < 100 pF) Rise Time 

(V| = 20 mV, Rl > 2 k. Cl <100 pF) Overshoot 

(V| = 10V, Rl S> 2 k. Cl < 100 pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V 


Input Offset Voltage 
(Rs<10kJ2) 


Input Offset Current 
(Ta= 125°C) 

(Ta = -55°C) 

(Ta = 0°C to ■t70°C) 


Input Bias Current 
(Ta= 125°C) 

(Ta = -55°C) 

(Ta = O^C to ■t70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Re < 10 k) 


Supply Voltage Rejection Ratio 
(Rs<10k) 


Output Voltage Swing 
(RL>10k) 
{RL>2k) 


Large Signal Voltage Gain 

(RL>2k, Vout = ±10V) 


Supply Currents - (All Amplifiers) 
(Ta = 125°C) 

(Ta = -55°C) 


Power Consumption (Ta = +125°C) 
(All Amplifiers) (Ta = -55°C) 


‘Thigh “ 125°C for MC4741 and 70°C for MQ4741C 
T|oyv = -55®C for M C4741 and 0®C for M C4741C 


Vgg = -15 V, Ta • 25°C unless otherwise noted). 


I MC4741 I MC4741C 

Symbol 


ViO - 10 
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.TAGE (Vp.p) Vo, OUTPUT VOLTAGE (Vp.p) 


TYPICAL CHARACTERISTICS 

(Vcc “ ^15 Vdc, VgE = -15 Vdc, T^ = +25°C unless otheruvise noted). 


FIGURE 1 - POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 



100 1.0 k 

f, FREQUENCY (Hz) 


FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE 



1.0 10 100 1.0 k 10 k 100 k 1.0 M 10 M 

f, FREQUENCY (Hz) 


FIGURE 3 - POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


FIGURE 4 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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MC4741, MC4741C 


FIGURE 6 -BI-QUAD FILTER 



























MSD6150 500 k 


. 0.5mF 2 nCl505 


+y 100 k 


MSO6102 1 M Common |_ 

"V. 47 k p\Mode Adjust 

>74^ VW ■I “ + 

MC474P Polarity 


MC4741 Quad Op-Amp 


Bridge Null Adjust 



The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 

can tolerate at a giveh operating ambient temperature, can currents at the worst case operating condition. 


be found from the equation; 

„ Tj(rhax)-T a 

R0JA(Typ) 

Where: Pd(Ta) ~ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


Tj(fnax) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R 0 jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


MGTGRGLA SemiG€>n€iuct€^r Rroctuct9 Inc. 









ORDERING INFORMATION 




Device Alternate 

Temperature 

Range 

Package i-—- 

1 



OPERATIONAL AMPLIFIER 

A general purpose operational amplifier that allows the user to 
choose the compensation capacitor best suited to his needs. With 
proper compensation summing amplifier slew rates to 10 V/ms can 
be obtained. 

• Low Input Offset Current — 20 nA maximum Over Temperature 

Range 

• External Frequency Compensation for Flexibility 

• Class AB Output Provides Excellent Linearity 

• Output Short-Circuit Protection 

• Guaranteed Drift Characteristics 


FIGURE 1 - STANDARD COMPENSATING 
AND OFFSET BALANCING CIRCUIT 


NON-INVERTING 

INPUT 


-o OUTPUT 

BALANCE 


FREQ 

BALANCE iCOMPEN 



MLMIOIA 

MLM201A 

MLM301A 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 

(MLM201A and MLM301A) 


U SUFFIX 

CERAMIC PACKAGE 
CASE.693 


Compensatio 

C 


^ 

1 Balance 

G SUFFIX 

METAL PACKAGE 

CASE 601 

Compen sation 



Vcc 

V 


Output 

(?) (7^ 

/ 

1 Balance 


FIGURE 3 - REPRESENTATIVE CIRCUIT SCHEMATIC 
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MLM101A, MLM2P1A, MLM301A 



MLM101A 

MLM201A 

±22 

±22 



MAXIMUM RATINGS 


Rating 


Power Supply Voltage 


Input Differential Voltage 


Input Common-Mode Range (Note 1) 


Output Short-Circuit Duration 


Power Dissipation (Package Limitation) 

Metal Can 

Derate above Ta =+75°C 
Plastic Dual In-Line Package (MLM201A/ 
Derate above T/^ = -^25°C 301 A) 

Ceramic Package 
Derate above 25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 


Note 1. For supply voltages less than ± 15 V, the absolute maximum input voltage is equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS (T^ = +25°C unless otherwise noted.) Unless otherwise specified, these specifications apply for 

supply voltages from +5.0 V to +20 V for the MLM101A and MLM201A, and from +5.0 V to 
+ 15 V for the MLM301A. 


Characteristics 


Input Offset Voltage (R5<50 kU) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Supply Current 
Vcc/VeE = ±20V 
Vcc/VEE = i15V 


Large Signal Voltage Gam ' 

Vcc/VeE ±15 V, Vo= + 10 V, Rl> 2.0 kJJ) 


The following specifications apply over the operating temperature range. 


V|0 


Input Offset Voltage (Rg.< 50 kfl) 


Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
T/^(min) <T/\ <T;C^(m8x) 


Average Temperature Coefficient of 
Input Offset Current 
+25°C<TA<TA(m8x) 
^A(min)^^A^ 25°C 


Input Bias Current 


Large Signal Voltage Gain 
^cc/vee = ± 15 V, Vo = ± 10 V, Ru > 2.0 kn 


Input Voltage Range 

Vcc/'^EE = ±20V 

Vcc/VeE = ±15 V 


Common-Mode Rejection Ratio 
Rs<50kn 


Supply Voltage Rejection Ratio 
Rs<50kn 


Output Voltage Swing 
Vcc/Vee = -15 V, Rl = 10 k'a 
RL = 2.0kfi 


Supply Currents (Ta = TA(max), 
Vcc/VeE = ±2'0V) 
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MLM101A, MLIVI201A, MLM301A 


TYPICAL CHARACTERISTICS 

(Vcc = +15 V, Vee = -15 V, T/\ = +25°C unless otherwise no,ted.) 



0 5.0 10 15 20 


Vcc and (-Vee), SUPPLY VOLTAGE (VOLTS) 



0 5.0 10 15 20 

Vcc and (-Vee), supply voltages (volts) 



0 5.0 10 15 20 


Vcc and -Vee. supply voltages (volts) 



0 5.0 10 15 20 

Vcc and (-Vee) supply voltage (volts) 


FIGURE 8 - OPEN-LOOP FREQUENCY RESPONSE 



FIGURE 9 - LARGE-SIGNAL FREQUENCY RESPONSE 



1.0 k 10 k 100 k 1.0 M 10 M 

■f, FREQUENCY (Hz) 
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VOR, OUTPUT VOLTAGS RANGE (±VOLTS) V|R, Vqr, VOLTAGE RANGE (±VOLTS) 


MLMIOIA, IVILM201A, IV1LIVI301A 


TYPICAL CHARACTERISTICS (continued) 

(Vcc - ■'■15 V, Vee = "15 V, = +2^C unless otherwise noted.) 

FIGURE 10 - VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 11 - OPEN-LOOP FREQUENCY RESPONSE 




FIGURE 12- LARGE-SIGNAL FREQUENCY RESPONSE 



FIGURE 13- INVERTER PULSE RESPONSE 
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TYPICAL COMPENSATION CIRCUITS 

FIGURE 14 - SINGLE-POLE COMPENSATION FIGURE 15 - FEEDFORWARD COMPENSATION 


C2 





MOTOROLA 


Semiconductor Products Inc. 



















INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 

A general purpose operational amplifier series well suited for 
applications requiring lower input currents than are available with 
the popular MCI741. These improved input characteristics permit 
greater accuracy in sample and hold circuits and long interval 
integrators. 

• Internally Compensated 

• Low Offset Voltage; 2.0 mV max (MLM107) 

• Low Input Offset Current; 10 nA max (MLM107) 

• Low Input Bias Current; 75 nA max (MLM107) 


OPERATIONAL AMPLIFIER 
INTEGRATED CIRCUIT 
EPITAXIAL PASSIVATED 



G SUFFIX 

METAL PACKAGE 
CASE 601 02 




PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC1741SC Only) 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


INVT INPUT[ 
NONINVT INPUTT 



‘■^OUTPUT 
sh OFFSET NULL 


CIRCUIT SCHEMATIC 


EQUIVALENT CIRCUIT 




5k|20kS JlOk 
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MLIVI107, MLIVI207, MLIVI307 


MAXIMUM RATINGS = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltages 


Differential Input Signal Voltage 


Common-Mode Input Swing (Note!) 


Output Short-Circuit Duration_ 


Power Dissipation (Package Limitation) (Note 2)_ 


Operating Temperature Range __ 


Storage Temperature Range 



MLM207 


■^22 

-22 


±30 


+ 15 


Indefinite 


500 


55 to +125 -25 to +85 


-65 to +150 1-65 to +1501-65 to +150 



ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted, see Note 3.) 


Input Offset Voltage 

RsfilOkfi, Ta = +25°C 
Rs^lOkfl.TA = T|Qyy to T|.,jgf^ 
RS^ 50 kn, Ta = +25°C 
Rs:S50 kn, Ta = T|ow *o 


Input Offset Current 
Ta = +25°C 
Ta “ T|oyv to Thigh 


Input Bias Current 
Ta = +25°C 
Ta “ T|o(„ to Thigh 


Input Resistance 


Supply Current 

Vs = ±20 V, Ta = +25°C 
Vs = ±20 V, T A = Thigh 
Vs =±15 V, Ta = +25'°C 


Large-Signal Voltage Gain 

V5= ±15 V, Vo = ±10 V, Rl> 2.0 kn, Ta = +25°C 
Vo = +15 V, Vo = ±10 V, Rl>2.0 kn, Ta = T|ow 


Average Temperature Coefficient of Input Offset Voltage 
T|ow^TaS Thigh 


Average Temperature Coefficient of Input Offset Current 
+25°C<TA<Thigh 

T|ow<Ta<+25°C 


Output Voltage Swing (Ta = T|ow 10 Thigh) / 

Vs =±15 V, Rl = lOkn 

Rl = 2.0 kn _" 


Input Voltage Range (Ta = T|ow to Thigh) 
Vs = ±20V 

Vs = ±15 V _ 


CommOn-Mode Rejection Ratio (Ta = T|q^ to Thigh) 
Rs^50kf2 


Supply-Voltage Rejection Ratio (Ta = T|o^ to Thigh) 
Rs ^50 kfl 



ISDii EflaH BSH EE^IKS^S 

■■ 








Note 1. For supply voltages less than ±15 V, the absolute maxi¬ 
mum input voltage is equal to the supply voltage. 

Note 2. For operating at elevated temperatures, the device must 
be derated basedbn a maximum junction temperature of 
+ 150°C for the MLIVIIO?, and 100°C for the MLM207 
and MLM307. The TO-99 package Is derated based on 
a thermal resistance of +150°C/W, junction to ambient, 
or +45°C/W, junction to case. 


Note. 3. Unless otherwise noted, these specifications apply for: 

TjQyy ^high 

±5.0 V< Vs <±20 V. - 550 c +125°C, MLMT07 

±5.0 V<Vs <±20 V, -25°C<Ta ^ +85'’C, MLM207 
±5.0 Vs ^+15 V, 0®C<Ta < +70°C, MLM307 
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MLMT07, MLIVI207, MLM307 


TYPICAL CHARACTERISTICS 

(Vcc = +15 V, Vee = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 - MINIMUM INPUT VOLTAGE RANGE 



Vcc and (-Vee), supply voltage (volts) 


FIGURE 3 - MINIMUM VOLTAGE GAIN 


Applies over specified 





ii i;¥:4 

OpBidtiiiQ dturc 

Range 
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iiffi 








iilli 



6.0 10 15 

Vcc and (-Vee). supply voltages (volts) 


FIGURE 5 - OPEN-LOOP FREQUENCY RESPONSE 



FIGURE 2 - MINIMUM OUTPUT VOLTAGE SWING 



FIGURE 4 - TYPICAL SUPPLY CURRENTS 




10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 
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MLM107, MLM207, MLM307 











MLMIOS, MLM108A 
MLM208, MLM208A 
MLM308, MLM308A 


PRECISION OPERATIONAL AMPLIFIERS 

The IV1LIV1108/IVILIVI208/IVILM308 Series operational amplifiers 
provide high input impedance, low input offsets and temperature 
drifts, and low noise. These characteristics are made possible by use 
of a special Super Beta processing technology. This series of ampli¬ 
fiers is particularly useful for applications where high-accuracy and 
low-drift performance are essential. In addition high-speed perfor¬ 
mance may be improved by employing feed-forward compensation 
techniques to maximumize slew rate without compromising other 
performance criteria. 

The I\/1LM108A/MLM208A/I\/ILM308A Series offers extremely 
low input offset voltage and drift specifications allowing usage in 
even the most critical applications without external offset nulling. 

• Operation From a Wide Range of Power Supply Voltages 

• Low. Input Bias and Offset Currents 

• Low Input Offset Voltage and Guaranteed Offset Voltage Drift 

Performance 

• High Input Impedance 

• Laser Trimmed and Ion Implanted 


FREQUENCY COMPENSATION 


STANDARD COMPENSATION 


MODIFIED COMPENSATION 




STANDARD FEEDFORWARD 
COMPENSATION 


NON- 

INVERTING 

INPUT 


FEEDFORWARD COMPENSATION FOR 
DECOUPLING LOAD CAPACITANCE 





DEVICE SELECTION TABLE 


OPERATING TEMPERATURE RANGE 


-55 to -H 25°C -25 to -t85°C 0 to ■h70°C 


STANDARD 
OFFSET VOLTAGE 
SPECIFICATION 


TIGHTENED 
OFFSET VOLTAGE 
SPECIFICATION 


MLMIOS 
Pkg. Suffix 
F, G or L 


MLM 108 A 
Pkg. Suffix 
F, G or L 



LASER TRIMMED 
SUPER GAIN 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


F SUFFIX 

CERAMiC PACKAGE 
CASE 606-04 
TO-91 



G SUFFIX 

METAL PACKAGE 
CASE 601 




L SUFFIX 

CERAMIC PACKAGE 
CASE 632-02 
TO-116 




PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MLM308 Only) 





U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


•Unused pin (no Internal connection) to 
allow for input anti-leakage guard ring on 
printed circuit board layout. 






























IVILM108, A; MLM208, A; MLM308, A 


MAXIMUM RATINGS (T/\ =+25°C unless otherwise noted.) 


_ VALUE __ ' 

MLM108. MLM108A | MLM208, MLM208A I MLM308, MLM308A 


VCC. VeE I ±20 I ±20 I ±18 


Rating 


Power Supply Voltage 


Input Voltage (See Note 1) 


Input Differential Current (See Note 2) 


Output Short-Circuit Duration 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 
Metal,Ceramic Package 
Plastic Package 


Note 1. For supply voltages less than ±15 V, the maximum input voltage is equal to the supply voltage. 

Note 2. The in puts are shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1.0 V is applied between the inputs unless some limiting resistance is used. 




ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < 

and-5.0 V>Vee >-20 V,Ta =+25‘?C.) 


MLM108A I MLM108 


Vcc<+20 V 


Characteristic ' 


Input Offset Voltage 


,1 nput Offset Current 


Input Bias Current 


Input Resistance 


Power Supply Currents 
Vcc = +20 V, Vee = -20 V 


Large Signal Voltage Gain 
Vcc= |VeeI = +15 V, Vo = ±10V,RL>10kn 


The following specifications apply over the operating temperature range. 


Input Offset Voltage I V|o 


Input Offset Current I l|o 


Average Temperature Coefficient of AViq/AT 

Input Offset Voltage 
TA(min) <Ta <TA(max) 


Average Temperature Coefficient of 
Input Offset Current 


Input Bias Current 


Large Signal Voltage Gain 
VcC= |VeeI = +15V, Vo = ±10V,RL = 10kn 


Input Voltage Range 
VCC= |VeeI = +15 V 


Common-Mode Rejection Ratio 


Power Supply Voltage Rejection Ratio 


Output Voltage Range 
Vcc = |VeeI = +15 V, Rl = 10 kn 


Supply Current (Ta = Ta [max]) 


KSQIliiE^^I BSSSiiESDUEi^H BS39 
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MLM108, A; MLM208, A; MLM308, A 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages Of +5.0 V < 

and-5.0 V > Vee >-15 V,Ta =+25‘>C.) 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Input Resistance 


Power Supply Currents 
Vcc = +15 V, Vee =-15 V 


Large Signal Voltage Gain 
Vcc = +15 V, Vee = -15 V, Vq = ±1 O V, 
RL>10kn 


The following specifications apply over the operating temperature range. 


Input Offset Voltage 


Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
TA(min) <Ta ^T^lmax) 


Average Temperature Coefficient of 
Input Offset Current 


Input Bias Current 
Large Signal Voltage Gain 
Vcc = +15 V, Vee = -15 v, Vq = ±10 V, 

RL>10l<f2 


Input Voltage Range 
Vcc = +15 V, Vee = -i5 v 


Common-Mode Rejection Ratio 
Rs<50i<n 


Supply Voltage Rejection Ratio 

RgOOkn 


Output Voltage Range 
Vcc = +15 V, Vee = -i5 v, R|_ = io kn 


Vet <+15 V 
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Av, VOLTAGE GAIN (<fB) l|B, INPUT BIAS CURRENT (nA) 


MLM108, A; MLM208, A; MLM308, A 


TYPICAL CHARACTERISTICS 


- INPUT BIAS AND INPUT OFFSET CURRENTS 


FIGURE 2 - MAXIMUM EQUIVALENT INPUT OFFSET 
VOLTAGE ERROR versus INPUT RESISTANCE 


. MLM3Q8A,MLM308_ 
l|B 

-I-1-1-i 

MLM108A,MLM108 

--MLM208A,MLM208' 

l|B 


— < 

z o I i— 

^ > 10 =MLM308- = = - 

- t ^ i Wf 

“ :mLM108,MLM208 

s ° -1 I i IT 

, it 5 — MLM308A--; 



' MLM108A,MLM208A' 


MLM108A.MLM108 
-MLM2Q8A,MLM208- 
l|0 , 


0 +20 +40 +60 +80 +100 +120 +140 

T, TEMPERATURE (OC) 


1.0 M 10 M 

rj, INPUT RESISTANCE (OHMS) 


FIGURE 3 - VOLTAGE GAIN versus SUPPLY VOLTAGES 


FIGURE 4 - POWER SUPPLY CURRENTS versus POWER 
SUPPLY VOLTAGE 
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6.0 10 15 

Vcc = IVeeI. supply voltages (VOLTS) 


5.0 10 15 

Vcc = IVeEI. supply voltages (VOLTS) 


FIGURE 5 - OPEN-LOOP FREQUENCY RESPONSE 


FIGURE 6 - LARGE-SIGNAL FREQUENCY RESPONSE 



TOk 10 k 100 k. 1.0 M 10 M 100 M 
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MLM108, A; MLM208, A; MLM308, A 


SUGGESTED DESIGN APPLICATIONS 


FIGURE? - FAST(I) SUMMING AMPLIFIER WITH LOW 
INPUT CURRENT 


FIGURE 8 - SAMPLE AND HOLD 



MLM108,A 
IS. Series 


.0.002 _L150 
' MF 'T PF 


> /^MLMIOIAO) 
iCOMPENB orequiw 



(1) Power Bandwidth: 

250 kHz 

Small Signal Bandwidth: 

3.5 MHz ' 

Slew Rate: 10 V/ps 

(2) c5 = ®i^ 

R1 


(3) In addition to increasing speed, 
the MLM101A raises high and 
low frrequencv gain, increases 
output drive capability and elim¬ 
inates thermal feedback. 


(l)Teflon, Polyethylene or Polycarbonate 
Dielectric Capacitor 


INPUT GUARDING 

Special care must be taken in the assembly of printed circuit 
boards to take full advantage of the low input currents of the 
MLM108,A amplifier series. Boards must be thoroughly cleaned 
with TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or silicone 
rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage currents 
may cause trouble at +125°C, particularly since the input pins are 
adjacent to pins that are at supply potentials. This leakage can be 
significantly reduced by using guarding to lower the voltage dif¬ 
ference between the inputs and adjacent metal runs. Input guarding 
of the 8-lead TO-99 type package is accomplished by using a 10- 
lead pin circle, with the leads of the device formed so that the 
holes adjacent to the inputs are empty when it is inserted in the 
boards. The guard, which is a conductive ring surrounding the in¬ 
puts, is connected to a low-impedance point that is at approxi¬ 
mately the same voltage as the inputs. Leakage currents from high- 
voltage pins are then absorbed by the guard. 

The pin configuration of the dual in-line package is designed 
to facilitate guarding, since the pins adjacent to the inputs are not 
used (this is different from the standard MC1741 and MLM101A 
pin configuration). 


FIGURE 9 - SUGGESTED PRINTED CIRCUIT BOARD 
LAYOUT for INPUT GUARDING USING METAL 
PACKAGED DEVICE 


^cc 

V 

COMPENSATION B 

1 ^ COMPENSATION A 

OUTPUT 7 

! ^ 

1 

ys,. 

05 

4 

/ 



rv X 

GUARD 

(BOTTOM VIEW) 


FIGURE 10 - CONNECTION OF INPUT GUARDS 
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OPERATIONAL AMPLIFIER 
VOLTAGE FOLLOWER 

THE MLM110, MLIVI210, and MLIVISIO are functionally, 
electrically, and pin-for-pin equivalent to the LM110, Ll\/1210, 
and LM310 respectively. 

• Input Bias Current; 10 nA maximum oyer Temperature Range 

• Small-Signal Bandwidth: 20 MHz typical 

• Slew Rate: 30 Volts//is typical 

• Supply Voltage Range; ±5.0Vto±18V 



OPERATIONAL AMPLIFIER 
VOLTAGE FOLLOWER 

INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 




^^Output 

Booster 



PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 




^ Balance 

3 Vcc 

^ Output 
^ Booster 
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MLM110, MLM210, MLM310 



MAXIMUM RATINGS (Ta =+25°C unless otherwise noted 


Power Supply Voltage 


Input Voltage (Note 1) 


Output Short Circuit Duration (Note 2) 


Operating Temperature Range 


Storage Temperature Range 


Lead Temperature 
(soldering, t = 10 s ) 


Junction Temperature 
Ceramic, Metal P^kage 
Plastic Package 


ELECTRICAL CHARACTERISTICS (See Note 4) 


Input Offset Voltage 
Ta = +25°C 

” ^lOW* Thigh** 


Input Bias Current 
Ta = +25°C 

“ ^low Thigh 


Input Resistance 


Input Capacitance 


Large-Signal Voltage Gain 
(Vs = ±15V, Vo = +10 VI 
Ta = +25°C, R(_ = 8.0 k ohms 
Ta = T|ow to Thiah. Rl = 10 k ohms 


Output Resistance 
Ta = +25°C 


Small-Signal Bandwidth 


Supply Current 
Ta = +25®C 
Ta ~ Thigh 


Offset Voltage Temperature Drift 
-55°C<Ta<+85°C 
Ta = +125°C 
0°C<Ta<+70°C 


Output Voltage Swing 
Vs = ±15 V, RL = 10kohms 


Supply Voltage Rejection Ratio 
+ 5/0V<Vs<± 18 V 


*T|ow = -55°C for MLM110 
= -25®CforMLM210 
= 0°CforMLM310 


Vcc(o'a>‘) 

VEE(max) 


V|C 



**Thigh = +125°C forMLMIIO 
= +85°CforMLM2lO 
= +70°CforMLM310 


Note 1. For supply voltages less than ±15 volts, the absolute 
rnaximum input voltage is equal to the supply voltage. 

Note 2. A continuous short-circuit duration capability is specified 
for MLM110 and MLM210 as follows: case tempera¬ 
tures up to 'f125°C and ambient temperatures up to 
+76PC; for the MLM310 up tocase temperature and 
+55®C ambient temperature apply. A resistor (greater than 
2.0 kilohms) must be inserted in series with the input when 
the amplifier is driven from a low impedance source, thus 
preventing damage when the output Is shorted. 


(g) 


Notes. The maximum junction temperature of the MLM110 is 
+150°C, for the MLM210 - +100°C, and for the 
MLM310 — +85°C. For operating at elevated tempera- 
tures, the package must be derated based on a thermal 
resistance of 150®C/W — junction to ambient, or 45®C — 
junction to case. 

Note 4. All listed specifications apply for ± 5.0 V ^ V 3 ^ + 18 V 
and - +25®C unless otherwise noted. 

Note 5. Increased output swing under load can be obtained by 
connecting an external resistor between the booster and 
terminals (pins 4 and 5). 
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ORDERING INFORMATION 


Temperature 



Speeifieationw and Applications 
Infomiatidn 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 


The MLM124 Series are low-cost, quad operational amplifiers with 
true differential inputs. These have several distinct advantages over 
standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
or as high as 30 Volts with quiescent currents about one fifth of 
those associated with the MC1741 (on a per amplifier basis). The 
common mode input range includes the negative supply, thereby 
'eliminating the necessity for external biasing components in many 
applications. The output voltage range also includes the negative 
power supply voltage. 


• Short Circuit Protected Outputs 

• True Differential Input Stage 

• Single Supply Operation: 3.0 to 30 Volts 

• Low Input Bias Currents: 250 nA Max 

• Four Amplifiers Per Package 

• Internally Compensated 

• Common Mode Range Extends to Negative Supply 


MAXIMUM RATINGS 


Rating 


Power Supply Voltages 
Single Supply 
Split Supplies 


Input Differential Voltage Range (1) 


Input Common Mode Voltage Range (2) 


Input Forward Current 
(V|<-0.3V) 


Package Power Dissipation 
Plastic Dual-In-Line Package 
Derate above T/\ = 25°C 
Ceramic Dual In-Line Package 
Derate above = 25°C 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MLM124 
MLM224 
MLM324 


(1) Spl it Power Supplies. 

(2) For Supply Voltages less than 32 V, the absolute maximum input voltage is equal to 
the supply voltage. 


MLM124 

MLM224 

MLM324 


QUAD DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



' (top view) 


' P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MLM224 and 
MLM324 only) 


















































MLM124, MLM224, MLM324 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Vee =Gnd,TA= 25°c unless otherwise noted.) 


MLM124 


Typ 


Characteristic 


Input Offset Voltage 

” ^high T|ow ( 


Input Offset Current 
Ta “ Thigh T|ow 


Large Signal Open-Loop Voltage Gain 

Vo = ±10V, Rl = 2.0 kn, Vcc= 15 V, 
Ta “ ^high 1° 


Input Bias Current 
Ta ~ ^high 1° T|ow 


Common-Mode Rejection Ratio 
Rs < 10 kn 


Power Supply Current (Vq = 0) 
Rl_ = “>, Ta = Thigh 1° Tiq^^, 


Power Supply Rejection Ratio 


Average Temperature Coefficient of Input Offset Current 

Ta ” Thigh T|oyy, 


Average Temperature Coefficient of Input Offset Voltage 
Ta = Thigh to T|ow 


Input Common-Mode Voltage Range 
Vcc = 30 V 

Vcc = 30 V, Ta = Thigh to T|ow 


Amplifier-to-Amplifier Coupling 

1.0 kHz < f < 20 kHz, Input Referenced 


Differential Input Voltage Range 


Output Voltage Range 
RL = 2kn 


Output Voltage — High Limit 

Vcc= 30 V, Rl = 2 kn,TA = Thigh toT|o^^ 
Vcc = 30 V, Rl= 10 kfi, Ta = ThightoTio^^ 


Output Voltage — Low Limit 

Vcc = 5-0 V, Rl= 10kn,TA = Thigh to T|o„(, 


Output Source Current 

V|p = +1.0V, Vcc= 15 V 

V|o = +1-0 V^Vc^lS V,Ta = Thigh to T|ovv 


Output Sink Current 

V|o = -1.0V, Vcc= 15 V 

V|D = -1.0 V, Vcc = 15 V, Ta = Thigh to T|ow 

V|D =-1.0 V, Vq = 200mV 


(1) Thigh = 125°C for MLM124, 70°C for MLM324, 85°C for MLM224. 
T|ow = -55°C for MLM124, 0°C for MLM324, -25°C for MLM224. 


MLM224,MLM324 
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1 V/Diw. 


MLM124, MLM224, MLM324 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Bias Circuitry 
Common to Four 
Amplifiers 



LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 



5.0 ^s/Div. 

CIRCUIT DESCRIPTION 


Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


The IVILM124 Series is made using four internally com¬ 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 


MOTOROLA 


Semiconductor Rroducts tnc. 






















ICC.POWER SUPPLY CURRENT (mA) Vqr, OUTPUT VOLTAGE RANGE (Vp.p) tV|, INPUT VOLTAGE (VOLTS) 


MLM124, MLM224, MLM324 


TYPICAL PERFORMANCE CURVES 



0 ±2.0 ±4.0 ±6.0 ±8.0 ±10 ±12 ±14 ±16 ±18 ±20 

VcC/VeE, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 2 - OPEN LdOP FREQUENCY 



FIGURE 4 - SMALL-SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 

FIGURE 3-LARGE-SIGNAL FREQUENCY RESPONSE (Non-Inverting) 



1.0 10 100 1000 
f, FREQUENCY (kHz) 



FIGURE 5 - POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 



Vcc, POWER SUPPLY VO LTAG E (VO LTS) 


FIGURE 6 - INPUT BIAS CURRENT versus SUPPLY VOLTAGE 



Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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IVILM124, MLM224, MLM324 


APPLICATIONS INFORMATION 


FIGURE 7 - VOLTAGE REFERENCE 
Vcc 


FIGURE 8 - WEIN BRIDGE OSCILLATOR 
50 k 


• Vcc 



1/4\- 
MLM J>-Oh 

—•Vo 




fQ = 1 kHz 
R =16 kn 
C = 0.01 HF 


FIGURE 10 - COMPARATOR WITH HYSTERESIS 





MLM124, MLM224, MLM324 


FIGURE 12 - FUNCTION GENERATOR 


Vref = 2 ''CC 
Vref 


Triangle Wave 



Square Wave 
Output 


R1 + RC 
4 CRt R1 


FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



Co 

Co = 10 c 


Given Iq = Center Frequency 

Alfg) = Gain at Center Frequency 

Choote Value ig. C 
Then: 

FI3= 9 
rr fo C 

R1-—5i- 
2 Alfg) 

R1 R5 

" 4q2 ri _ r5 

For lessthan 10%error from op amp 

° — <[0.1 Where fjj and BW are expressed in Hz. 


If source impedance varies, filter may be proceeded with 
voltage follower buffer to stabilize fitter parameters. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently. assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked, and license under the patent rights of Motorola Inc. or others. 


M0T0#70i./l SGmic€>nciuci€>r F^r€»€iucts lnc» 


3-166 








ORDERING INFORMATION 


Device 

MLM158G 

MLM158U 

MLM258G 

MLM258P1 

MLM258U 

MLM358G 

MLM358P1 

MLM358U 


Alternate 

LM158H 


LM358H 

LM358N 


Teimerature 

Range 

-55°C to +125“C 
-55°C to +125°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85'’C 
0°C to +70''C 
OX to +70°C 
OX to +70X 


Package 

Metal Can 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 


Specifica^tions and Applications 
Information 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/V^E, 3) Single Supply or Split Supply operation 
and 4) pin outscompatible with the popular MC1558 dual operational 
amplifier. The MLM158 Series is equivalent to one-half of a MLM124. 

Th^se amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MCI741 (on a per amplifier basis). The common mode Input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

• Short Circuit Protected Outputs 

• True Differential Input Stage 

• Single Supply Operation: 3.0 to 32 Volts 

• Low Input Bias Currents 

• Internally Compensated 

• Common Mode Range Extends to Negative Supply 

• Single and Split Supply Operations Available 

• Similar Performance to the Popular MCI558 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Power Supply Voltages i 



Single Supply 

Vcc 

32 

Split Supplies 

Vcc 

+16 


Vee 

-16 

Input Differential Voltage 

V|dr 

±32 

Range (1) 



Input Common Mode Voltage 

V|CR 

-0.3 to 32 

Range (2) 



Input Forward Current 

•if 

50 

(Vi < -0.3 V) 


Junction Temperature 

Tj 


Ceramic and Metal Packages 


175 

Plastic Package 


150 

Storage Temperature Range 

^stg 


Ceramic and Metal Packages 

-65 to +150 

Plastic Package 


-55 to+125 

Operating Ambient Temper- 

Ta 


ature Range 



MLM158 


-55 to+125 

MLM258 


-25 to +85 

MLM358 


0 to +70 



(1) Split Power Supplies. 

(2) For Supply Voltages less than 32 V, the absolute maximum input voltage is equal to 
the supply voltage. 



DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 



Vcc 

Output A Ji^~.^Output B 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 

(MLM258,MLM358 only) 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



^CC 

T| Output 8 
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iV1LM158, MLM258, MLM358 



ELECTRICAL CHARACTERISTICS (Vcc = 5,0 V, Vee =Gnd,TA = 25“C unless otherwise noted.) 


Characteristic 


Input Offset Voltage 

Ta = Thigh T|oyy (1) 


Input Offset Current 
Ta “ Thigh to T|{jyy, 


Large Signal Open-Loop Voltage Gain 
Vo = ±10 V, Rl = 2.0 kO, Vcc = 15 V, 
Ta = Thigh to T|ow 


Input Bias Current 
Ta “ Thigh to T|(jvv 


Common-Mode Rejection Ratio 
RS< 10 kn 


Power Supply Current (Vq = 0) 
Rl ” Ta “ Thigh to 


Power Supply Rejection Ratio 


Average Temperature Coefficient of Input Offset Current 
Ta ■ Thigh to Tjo^y, 


Average Temperature Coefficient of Input Off set Voltage 
Ta “ Thigh to T|o,^ 


Input Common-Mode Voltage Range 
Vcc = 30 V 

Vcc = 30 V, Ta “Thigh to T|ow 


Amplifier-to-Amplifier Coupling 

1.0kHz<f< 20 kHz, Input Referenced 


Differential Input Voltage Range 


Output Voltage Range 
RL=2kU 


Output Voltage — High Limit 

Vcc ” 30 V, Rl “ 2 kfZ, Ta “ Thigh toTigy,, 
Vcc= 30 V,Rl= 10kn,TA = ThightoT|ow 


Output Voltage — Low Limit 

Vcc= 5.0V, Rc= 10kn,TA “Thigh toT|ow 


Output Source Current 

ViD =+1 0 V, Vcc= 15 V 

V|D = +1.0 V, Vcc = 15 V,Ta =ThightoT|ow 


Output Sink Current 

V|D = -1.0 V, Vcc= 15 V 

V|D = -1.0 V, Vcc = 15 V, Ta “Thigh ‘oT|ow 

V|Q =-1.0 V, Vq = 200mV 


(1> Thigh = 125°C for MLM158, 70°C for MLM358, 85‘’C for MLM258. 
T|ow = -55°C for MLM158,0°C for MLM358, -25°C for MLM258. 
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1 V/Div. 


MLM158, MLM258, MLM358 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Bias Circuitry 
Common to Both 
Amplifiers 



3 



LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 



CIRCUIT DESCRIPTION 

The MLIVI158 Series is made using two internally com¬ 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differentia) to single ended converter Q3 and Q4- 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip ^rea. The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temF>erature characteristics as well as 
excellent power supply„rejection. 
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ICC.POWER SUPPLY CURRENT (mA) Vqr, OUTPUT VOLTAGE RANGE (Vp.p) ±V|, INPUT VOLTAGE (VOLTS) 


MLM158p MLM258, MLM358 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 - INPUT VOLTAGE RANGE 



0 ±2.0 ±4.0 ±6.0 ±8.0 ±10 ±12 ±14 ±16 ±18 ±20 

Vcc/VEE, power supply voltages (VOLTS) 


FIGURE 3- LARGE-SIGNAL FREQUENCY RESPONSE 


FIGURE 2 - OPEN LOOP FREQUENCY 



1, FREQUENCY (Hz) 


FIGURE 4 - SMALL-SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 
(Non-Inverting) 




FIGURE 5 - POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 


FIGURE 6 - INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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Vcc, POWER SUPPLY VOLTAGE (VOLTS) 



Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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MLM158, MLM258, MLM358 


APPLICATIONS INFORMATION 


FIGURE 7 - VOLTAGE REFERENCE 

Vcc 











5.0 k L 

MLM358>-0-< 

i—•Vo 


10k 

—WV—' 



FIGURE 8 - WEIN BRIDGE OSCILLATOR 

50 k 


VTn. 

MLM35^ 


For fj, = 1 k Hz 
R = 16 kn 
C = 0,01 juF 


FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


FIGURE 10 - COMPARATOR WITH HYSTERESIS 





(Yql - Vref) + Vref 
(VoH - Vref) + 

: (Vqh - VoL> 


FIGURE 11 - BI-QUAD FILTER 



° 2 rr R C 

R1 = QR 

R2 =- Vrel - - Vc, 

TbP 

Cl = IOC 

r <o = ■' 

Q =10 
Tbp = i 
Tn = 1 

Notch Output R = 160 kf2 
C= 0.001 mf 
R 1 = 1.6 Mfi 

Where Tgp = Center Frequency Gain r 2 = 1.6 MU 
Tfg = Passband Notch Gain R3=1.6Mn 
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MLM158, MLM258, MLM358 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 - FUNCTION GENERATOR 


Vref = 2 

Vref 


Triangle Wave 




300 k 


MLM358>-Oh 





Square Wave 
Output 


R1 RC 
4 CRf R1 


FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



Co 

Co = 10 c 


Vref = 5 Vcc 


Given Iq = Center Frequency 

A(fQ) = Gain at Center Frequency 

Choose Value fQ, C 
Then: 


2 A(fo) 

R1 R3 

4Q2 R 1 - R3 


For less than 10% error from operational amplifier 

—^—- <l0.1 Where f o BW are expressed in Hz. 

BW ° 

If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameters. 

THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

p _ Tj(max) ‘Ta 
, ~ R 0 JA(Typ) 

Where: Pd(T/\) ~ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R 0 JA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


J 


Circuit diagrams Utilizing Motorola products are included as a means ' is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for Inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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Device 


MLM2902P 


Alternate 


LM2902N 


Temperature 

Range 


-40°C tp +85°C 


Package 


Plastic DIP 


MLM2902 


Specifications and Applications 
Information 


QUAD LOW POWER OPERATIONAL AMPLIFIER 

The MLM2902 is a low-cost, quad operational amplifier with 
true differential inputs. This has several distinct advantages over 
standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
or as high as 26 Volts with quiescent currents about one fifth of 
those associated with the MC1741 (on a per amplifier basis). The 
common mode input range includes the negative supply, thereby 
eliminating the necessity for external biasing components in many 
applications. The output voltage range also includes the negative 
power supply voltage. 

• Short.Circuit Protected Outputs 

• True Differential Input Stage 

• Single Supply Operation: 3.0 to 26 Volts 

• Low Input Bias Currents; 500 nA Max 

• Four Amplifiers Per Package 

• Internally Compensated 

• Common Mode Range Extends to Negative Supply 



QUAD DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Single Supply 

Split Supplies 

Vcc 

Vcc 

Vee 

32 

+13 

-13 

Vdc 

Input Differential Voltage Range (1) 

V|DR 


Vdc' 

Input Common Mode Voltage Range (2) 

V|CR 

Vdc 

Input Forward Current 
(V|<-0.3V) 

■1 

50 

mA 

Storage Temperature Range 

^stg 



Operating Ambient Temperature Range 

Ta 

-40 to +85 

Vic 


(1^ Split Power Supplies. 

(2) For Supply Voltages less than 32 V, the absolute maximum input voltage is equal to 
the supply voltage. 












































MLM2902 


ELECTRICAL CHARACTERISTICS (Vcc “ 5.0 V, Vgg = Gnd, = 25°C unless otherwise noted.) 


Characteristic 


Input Offset Voltage 


Input Offset Current 


Large Signal Open-Loop Voltage Gain 
Vo = ±10V, Rl = 2.0 kn 


Input 6ias Current 


Common-Mode Rejection Ratio 


Power Supply Current (Vq = 0) 
Rl = ‘» 


Power Supply Rejection Ratio 


Input Common-Mode Voltage Range 


Amplifier-to-Ampllfier Coupling 
_1.0 kHz < f < 20 kHz, Input Referenced 


Output Voltage Range 
RL=2kn 


Symbol 


V|0 


'lO 


A VOL 


>IB 


Ice 


V|CR 


Vqr 


Typ 


2.0 


5.0 


100 


85 


100 


3.5 


Output Source Current 

V|D = +1.0 V, Vcc= 15 V 


Output Sink Current 
V|D = -1.0V 


'0+ 


'o- 


8.0 


20 


(1) Thigh = +a5°c 
T|ow = -40°C 
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ICC, POWER SUPPLY CURRENT (mAI^ Vqr, OUTPUT VOLTAGE RANGE (Vp.p) ±V|, INPUT VOLTAGE (VOLTS) 


MLIVI2902 



























APPLICATIONS INFORMATION 


FIGURE 7 - VOLTAGE REFERENCE 
Vcc 



JVcc 


1/4\. 


2902/^ 



f 

R1 

L H1 + R2 


FIGURE 8 - WEIN BRIDGE OSCILLATOR 
50 k 





)r = 1 kHz 
R = 16 kO 
C= 0.01 mF 


FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


FIGURE 10- COMPARATOR WITH HYSTERESIS 




VinL ) VinH 
Vfol 


*0 - C (1 + « + b) (e2 - el) 


(VoL - Vref) + Vref 


—(Vqh - Vret> + 


FIGURE 11 - BI-QUAD FILTER 
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MLM2902 


FIGURE 12 - FUNCTION GENERATOR 



4 CR# R1 


Square Wave 
Output 


FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



Given fg = Center Frequency 

Ado) “ Gair’ at Center Frequency 

Choose Value fg, C 
Then: 


R1 


2 A(fo) 
R1 R5 


4q2 ri _ R5 

For Ibss than 1 0% error from op amp 
Qa fr 


BW 


Where f^ and BW are expressed in Hz. 


If source impedance varies, filter m^y be preceded with 
voltage follower buffer to stabilize filter parameters. 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola (nc.- or others. 
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1 V/Di«. 


MLM2902 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Bias Circaitry 
Common to Four 
Amplifiers 




5.0 Ms/Div. 


CIRCUIT DESCRIPTION 

The MLM2902 is made using four internally com¬ 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 


Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

Tj(max) 

R0JA(Typ) 

Where: Pd(T/^) = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj{max) ~ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
T/\ = Maximum Desired Operating Ambient 
Temperature 

RgjA(Typ) = Typical Thermal Resistance Junction to 
Ambient 
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VOLTAGE REGULATORS 


/ 

Temperature Range 


0 to 70®G 

-55to125°C 

Other 


Page 

LM317 

LM117 

— 

Three-Terminal Adjustable Positive Regulator. . . 

. . 4-6 

LM323 

LM123 

- 

Positive Voltage Regulator... 

. . . 4-7 

MC1403,A 

MCI 503,A 

- 

Precision Low-Voltage Reference. 

. . . 4-9 

MCI 460,61 

MCI 560,61 

- 

Positive Voltage Regulator. 

. . . 4-11 

MC1463 

MCI 563 

- 

Adjustable Negative Regulator. .. 

. . . 4-12 

MCI 466 

MCI 566 

- 

Precision. Floating Regulator.'. 

. . . 4-28 

MCI 468 

MCI 568 

- ' 

Dual + 15-Volt Tracking Regulator. 

. . 4-38 

MCI 469 

MCI 569 

- 

Adjustable Positive Regulator. 

. . . 4-44 

MC1723C 

MCI 723 

- 

Adjustable Positive or Negative Regulator ..... 

. . . 4-63 

MC3420 

MC3520 

- 

Switchmode Regulator Control Circuit. 

. . . 4-69 

MC3422 

- 

- ■ 

Current Limiter... 

. . . 4-74 

- 

- 

MC7700C 

Series of Positive Regulators (750 mA). 

. . . 4-76 

- 

- 

MC7800C 

Series of Positive Regulators (1.5 A). 

. . . 4-84 

- 

- 

MC78L00C,AC 

Series of Positive Regulators (100 mA). 

. . . 4-92 

- 

- 

MC78M00C 

Series of Positive Regulators (500 mA). 

. . . 4-99 

- 

- 

MC7900C 

Series of Negative Regulators (1.5 A). 

. . . 4-107 

- 


MC79L00C,AC 

Series of Negative Regulators (100 mA) ...... 

. . . 4-116 

MLM304 

MLM104 

MLM204 

Adjustable Negative Regulator.. 

. . . 4-122 

MLM305 

MLM105 

MLM205 

Adjustable Positive Regulator. 

. . . 4-124 

MLM309 

MLM109 

MLM209 

Positive Voltage Regulator. 

. . . 4-126 
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Fixed Output Voltage Regulators 


Low cost, monolithic circuits for positive and/or negative regulation at currents from 100mA to 
3 A. These dedicated circuits require no externa! add-on component, although an input capacitor 
should be used if regulator is located an appreciable distance from the power supply filter, and an 
output capacitor could improve transient response. They are ideal for on-card regulation of sub¬ 
systems, affording possible economic advantages and performance improvement in applications where 
total system regulation is not required. 

Most devices are available in metal and plastic packages. AH employ internal current limiting, 
thermal shutdown and safe-area compensation — making them essentially blow-out proof. All are 
designed to operate overaCPC to ISOPC junction temperature range, except *Tj= ~55°C to+ISCPC. 


FIXED VOLTAGE, 3-TERWIINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES. 


'^out 

Tol.t 

'o 

mA 

Device Type 

Device Type 

Vin 

R®0line 

Reflioad 

AVq/AT 


Volts 

Volts 

Max 

Positive Output 

Negative Output 

Min/Max 

tnV 

mV 

mV/°C 

Case 


MC7902C 







MC7812C 




MC7912C 




13.7/36 I 250 


14/35 

I 240 




80 

0.16 

160 

1.0 

100 

0.24 

240 

1.0 





MC7720C 




0.36 29, 79 


1.0 




•Tj =-55 to+r59°C 
• ‘To be introduced 

tOutput Voltage Tolerance for Worst Case 
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Variable Output Voltage Regulators 

The regulators in the following tables can be tailored for any specific output voltage within the 
indicated ranges through the use of external resistors. The indicated output current is available 
directly from the device, increased output current can usually be obtained through the use of external 
current — boosting circuits. AH have internal provisions for current limiting, or are internally pro¬ 
tected against excessive thermal or SO A overloads. 


POSITIVE OUTPUT REGULATORS 


•o 

mA 

Max 

Device 

Type 

1 

o o 

> > 

||H|| 

^in “ 
Vout 
Differ¬ 
ential 
Volts 
Max 

Pd 

Watts 

Max 

Regulation 

% Vout @ 

TA = 25“C 

TC Vout 
Typ 
%/“C 

1 

Case 


25“C 

_ 

m _ 

nmQH 






20 

MLM305 

1 

G 

■ 

40 

8.5 

50 

m^nii 

PI 

1.3 

0.06 

H 

0.007 

85 

601 


0.68 

1.6 

100 

■Bwatr.M 

30 

2.7 

■CM 

150 

MCI 723 

CP 

1 

37 

- 

1 

40 

mu 


— 

0.1 

■ 


150 

■^0311 


0.8 

2.1 

0.1 


603C 

G 

0.2 


CL 

1.0 

- 

0.1 

poEiiai 

175 

632 

L 

— 



250 


G 

m 

32 

9 

■ESI 

3.0 

0.68 

1.8 


0.13 

0.002 

150 

603 


37 

8.5 

40 

2.7 

liltlEI 

600 


R 

2.5 

32 

9.0 

35 

3.0 

HI 

14.0 

Ecsa 

0.05 

0.002 

_ 

150 

614 


IBP 

8.5 

40 

2.7 




T 


37 


40 

3.0 

Internally 

6.07 



125 


nn 


K 

■1 


■■ 



Limited 





11 

'■1 



■1 


■■ 






1.0 


Pl^P 



*To be introduced 



NEGATIVE OUTPUT REGULATORS 


20 

LM304 

G 


30 

8.0 

40 


0.4 

warn 

0.1 

0.05 

0.007 

80 

603 


PHSSSHI 


0.015 

40 


50 

^B||H 

0.68 

warn 




pun 



HBSESPI 








2.7 




MEm 


250 

■SQE^PI 

G 

3.8 

32 

9.0 

35 

3.0 

0.68 

1.8 

msm 


0.002 

150 

603 


KI3C!^ 


■HM 

33 

8.5 

40 

2.7 



■Hid 

■»intM 





■aL’«i=gi 

R 


■Em 


■ESI 


msm 





p|J« 

■III 

MCI 463 


P3S 

37 

8.5 

40 

2.7 

nn 

m 

ffTITCl 

■il 

■m 

■Il 

■il 


Switching Regulator 


Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The 
device includes the reference, oscillator, pulse-width modulator, phase splitter and output sections. 
Frequency and duty cycle are independently adjustable. 


•o 

± mA 

Max 

Vcc 

Volts 

kHz 

Device 

Number 

SUFFIX 

OC 

Case 

Min 

Max 

Min 

Max 

40 

HQH 

30 

2.0 

100 

MC3420 

P 

0 to +70 

648 







L 


620 






MC3520 

L 

-55 to +125 

620 
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Special Regulators 


FLOATING VOLTAGE AND CURRENT REGULATORS. Designed for laboratory type power 
supplies, these unique regulators can deliver hundreds of volts — limited only by the breakdown 
voltage of associated, external, series-pass transistors. 


'^out 

Volts 

•o 

mA 

Max 

Device 

Type 

S 

u 

F 

F 

1 

X 

Vaux 

Volts 

Pd 

Watts 

Max 

^V|.ef/V,ef 

% 

AIl/Il 

% 

Max 

^‘^Vout 

%l°c 

Typ 

Case 

imon 






B 

• 

• 

MC1466 

L 

21 

30 

0.75 

0.015 

0.015 

0.2 

0.01 

0.006 

632 


L 

20 

35 



0.1 


* Dependent on characteristics of external series-pass elen^ents. 


DUAL ±15 V TRACKING REGULATORS. Dual polarity regulator designed to provide balanced 
positive and negative output voltages. Internally, the device is set for ± 15 V, but an external adjust¬ 
ment can change both outputs simultaneously, from 8.0 V to 20 V. 


'^out 

Volts 

•o 

mA 

Max 

^in 

Volts 

Device 

Type 

1 

Pd 

Watts 

Max 

Regline 

mV 

Regload 

mV 

TC 
%I°C 
tT|ow to 

^high 

Typ 

“c 

Case 

mm 

WESM 



14.8 

15;2 


17 

30 

MC1468 

G 

0.8 

n 

10 

I^B 

0 to +75 

603 



BB 




L 

1.0 



H||^H 


632 







R 

2.4 





614 






MCI 568 

G 

0.8 




-55 to +125 

603 







L 

1.0 











_ 

R 

2.4 

IHH 



1 

614 


LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE 


'^out 

Volts 

Typ 

•o 

mA 

Max 

AVout/AT 

ppm/°C 

Typ 

Device 

Type 

S 

u 

F 

F 

1 

X 

Resiine 
(7.0 V < 
V|<;30 V) 
Max 

Regiine 
(4.5 V < 
Vjn<7.0 V 
Max 

R«9ioad 
(1.0 mA < 
IO<11mA) 
mA 

Max 

I* 

“C 

Case 

2.5 ± 25 mV 


10 

MC1403 

Pt 



10 

0 to +70 

626 




MC1403A 

u 





693 




MCI 503 

u 




-55 to+125 

693 




MCI 503 A 


■HH 

Hi^H 



693 
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Advance Information 


3-TERMINAL ADJUSTABLE 
VOLTAGE REGULATOR 


3-TERMIIMAL 

ADJUSTABLE OUTPUT VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The LM117 and LM317 are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 1.5 A over an 
output voltage range of 1.2 V to, 37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors to 
set the output voltage. Further, they employ internal current 
limiting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM117/LM317 serve a wide variety of applications 
including local, on card regulation. This device also makes an 
especially simple adjustable switching regulator, a programmable 
output regulator, or by connecting a fixed resistor between the 
adjustment and output, the LM117/317 can be used as a precision 
current regulator. 

• Output Current in Excess of 1.5 Ampere 

• Output Adjustable Down to 1.2 V 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-area Compensation 

• Standard TO-220 3-lead Transistor Package 



K SUFFIX 
METAL PACKAGE 
CASE 11 
(TO-3 Type) 


' o © 

Adjust V. 


(bottom view) 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
TO-220 
CASE 313 


Pin 1 Adjust 
Pin 2 V„,., 






Pin 2 Adjust 
Pin 3 V„.,. 


(Case is output) 


(Bottom View) 

HSUFFIX 

METAL PACKAGE 
CASE 79 
(TO-39) 


* = Cin is required if regulator is located an appreciable distance from power 
supply filter. 

•• = Cq is not needed for stability, however it does improve transient 


This is advance information and specifications are subject to change without notice. 


ORDERING INFORMATION 


Device | Temperature Range Package 



SS'^C to +125”C 
55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Meta) Can 
Meta) Power 
Metal Can 


4-6 


























Product Preview 


3 AMPERE . 5 VOLT 
VOLTAGE REGULATOR 


3 AMPERE - 5 VOLT POSITIVE VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The LM123/LM323 is a three-terminal positive regulator with 
a fixed 5 Volt output and a load driving capability of 3 Amperes. 

These regulators are supplied in a hermetic TO-3 package 
which possesses high reliability and tow thermal resistance. This 
package can provide up to 30 Watts power dissipation. 

The LM123/LM323 employ internal current limiting, thermal 
shutdown and safe area compensation which make them essentially 
blow-out proof. 

The LM123 has a guaranteed operation over the junction 
temperature range-55°C to +150^ while the LM323 is specified 
from 0^ to +12S®C junction temperature. 


Delivers Up to 3 Amperes Output Current 
No External Component Required 
Internal Thermal Overload Protection 
Internal Short-Circuit Current Limiting 
30 Watts Power Dissipation 



o @ ^ 

I INPUT OUTPUT , 

K SUFFIX \ / 

METAL PACKAGE \ground / 

CASE 11 \3/ 

(T0.3TYPE) (bottom view) 

PMi 1 and 2 electrically Uolated from cate, 
Cate It third electrical connection. 


STANDARD APPLICATION 




Input Voltage 


Power Dissipation 


Thermal Resistance, Junction to Air 


Storage Temperature Range 


Operating Junction Temperature Range 
LM123 
LIVI323 


35 


65 to +150 


-55 to +150 
Oto +125 



A common ground is required between 
the input and the output voltages. The input 
voltage must remain typically 2.0 V above the 
output voltage even during the low point on the 
input ripple voltage. 

*TpCjp (solid tantalum) is required if 
regulator is located an appreciable distance 
from power supply filter. 

•• = Cq is not needed for stability; however, it 
does improve transient response. If 
needed, its value should be greater than 

0.1 jUF. 


ORDERING INFORMATION 


This is advance information and specifications are subject to change without notice. 



TEMPERATURE RANGE 

PACKAGE 

LM123K 

LM323K 

-S50C to + 12SOC 

OCC to *70“C 

METAL POWER 
METAL POWER 
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LIVI123, LM323 


ELECTRICAL CHARACTERISTICS (Tj = ^low '*'high f®®® *^°^® ^ ^ unless otherwise specified.) 




LM123 

LM323 

IHBH 

Characteristic 

Symbol 

Min 

Typ 

Max 


Typ 

IIQQQI 

Unit 

Output Voltage 

<'^in = 7.5V,l„^jt = 0,Tj = 25°C) 

m 

■ 


5.3 

4.8 


5.2 


Output Voltage 

Vo 

mm 

H 

mm 

4.75 

■1 

5.25 

B 

(7.5 V < Vj^ < 15 V, 0 < < 3.0 A, P < 30 W) 


m 

■ 

m 


■ 


B 

Line Regulation (3) 

Regjn 

jm 


25 

■ 

5.0 

25 

mV 

(7.5 V < V|n < 15 V, Tj = 25°C) 


H 

H 


■ 




Load Regulaton (3) 

*^®3|oad 

H 

25 

100 

H 

25 

100 

mV 

(Vj^ = 7.5 V, 0 < Ig^t < 3.0 A, Tj = 25°C) 


■ 



H 




Quiescent Current 

'b 


12 

20 


12 

20 

mA 

(7.5 V < Vj„ < 15 V, 0 < Iq^^ < 3.0 A) 


■ 



■ 




Output Noise Voltage 

Vn 

H 

40 

-- 

B 

40 

B 

/^Vrnis 

(10 Hz<f < 100 kHz, Tj = 25°C) 


■ 



■ 


B 


Short Circuit Current Limit 

•sc 

imi 



■ 

■1 


mA 

IVjn= 15V,Tj = 25°C) 



4.5 



4.5 


(Vjn = 7.5 V, Tj = 25°C) 


■ 


5.0 

■ 


5.0 


Long Term Stability 

s 

- 

- 

35 

- 

■■ 

35 

mV 

Thermal Resistance Junction to Case (2) 

^0JC 

- 

2.0 

- 

- 

2,0 

- 

°C/W 


Notel. T|Q^ = -55°Cfor LIVI123 T^jgi, =+150°C for LIVI123 
= 0°C for LM323 = +125°C for LM323 

Although power dissipation is internally limited, specifi¬ 
cations apply only for P ^ 30 W. 


Note 2. Without a heat sink, the thermal resistance of the TO-3 
package is aboiit 35° C/W. With a heat sink, the effective 
thermal resistance can only approach the specified values 
of 2.0° C/W, depending on the efficiency of the heat sink. 

Note 3. Load and line regulation are specified at constant junction 
temperature. Pulse testing is required with a pulse width ^ 
1.0 ms and a duty cycle ^ 5%. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


Pd(Ta) = 


~*'j(max) '*'a 

R0JA<Typ) 


>V, f 


I 'S 


“ ''o 'o 


Where. Pd(x^) = Power Dissipation allowable at a given oper¬ 
ating ambient temperature. 


^J(max) “ Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

T^ = Maximum Desired Operating Ambient Temperature 
RgjA^Typ) = Typical Thermal Resistance Junction to Ambient 
Ig = Total Supply Current 
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Product Preview 


LOW-VOLTAGE REFERENCE 

A precision band-gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is de¬ 
signed to work with Motorola MC1506, MC1508, and MC3510 D/A 
converters as well as numerous A/D systems. Low temperature drift 
is a prime design consideration. 

• Nominal Output Voltage = 2.5 V ± 25 mV 

• Input Voltage Range = 4.5 V to 35 V 

• Quiescent Current =1.2 mA typ 

• Output Current = 10 mA 

• Temperature Coefficient = 10 ppm/°C typ 

• Temperature Sensing Diode Available 

• Guaranteed Temperature Drift Specification 

• Equivalent to AD580 


MAXIMUM RATINGS = 25°C unless otherwise noted.) 



PRECISION LOW-VOLTAGE 
REFERENCE 

LASER TRIMMED 
SILICON MONOLITHIC 

integrated circuit 



P SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC1403 only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 




ORDERING INFORMATION 


Temperature 

Range 


MC1503U 


MC1603AU 


MC1403U 


MC1403AU 


MC1403P1 


MCI403API 


-55 to + 125°C 



Ceramic DIP 


Ceramic DIP 


IZSSSElSlI 


Plastic DIP 


Plastic DIP 
















































IVIC1403, A, MC1503, A 


ELECTRICAL CHARACTERISTICS (V| = 15 = 25*^C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage 

Vo 

2.475 

2.50 

2.525 

V 

do = 0 mA) 






Temperature Coefficient of Output Voltage 

AVoMT 




ppm/°C 

MCI 503 


- 

_ 

55 


MC1503A 


- 

- 

25 


MC1403 


- 

10 

40 


MC1403A 


- 

10 

25 


Output Voltage Change 

AVo 




mV 

(over specified temperature range) 






MC1503 


- 

- 

25 


MCI 503A 


- 

- 

11 


MC1403 


- 

- 

7.0 


MC1403A . 


- 

- 

4.4 


Line Regulation 

ReSin 




mV 

(15V<V|<40V) 


_ 

1.2 

4.5 


(4.5 V < V| < 15 V) 


- 

0.6 

3.0 


Load Regulation 

Regioad 

- 

- 

10 

mV 

(1.0mA < lo< 11 mA) 






Quiescent Current 

l| 


1.2 

1.5 

mA 

do = 0 mA) 







@ 


MOTOROLA Semiconductor Products Inc. 
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MC1460, MC1461 
MC1560, MC1561 


POSITIVE VOLTAGE REGULATORS 

These devices are not recommended for new design, but Motorola, will 
continue to supply these devices for existing applications. 

For a complete data sheet, mail your request to Motorola Semiconductor 
Products, Inc., P.O. Box 20912, Phoenix, Arizona 85036. 




MC1463 

MC1563 


Specifica^tions and Applications Information 


NEGATIVE VOLTAGE REGULATOR 

The MC1563/MCI463 is a "three temninal" negative regulator designed to deliver con¬ 
tinuous load current up to 500 mAdc and provide a maximum negative input voltage of 
—40 Vdc. Output current capability can be increased to greater than 10 Adc through use 
of one or more external transistors. 

Specifications and performance of the MCI 563/MCI 463 Negative Voltage Regulator are 
nearly identical to the MCI 569/MCI 469 Positive Voltage Regulator. For systems re¬ 
quiring both a positive and negative power supply, these devices are excellent for use as 
complementary regulators and offer the advantage of operatiitg with a common input 
ground. 

The MC1563R/MC1463R case can be mounted directly to a grounded heat sink which 
eliminates the need for an insulator. 

• Case is at Ground Potential (R,package) 

• Electronic "Shutdown" and Short-Circuit Protection 

• Low Output Impedance - 20 Milliohms typical 

• High Power Capability — 9.0 Watts 

• Excellent Temperature Stability — aVq/AT = ±0.002%/°C typical 

• High Ripple Rejection — 0.002% typical 


NEGATIVE-POWER-SUPPLY 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MC1463, MC1563 


MAXIMUM RATINGS (Tc = +250C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

V| 



Vdc 

MCI 463 


-35 


MCI 563 


_.^1^0_ 




G Package 

R Package 


Load Current — Peak 

'L 

250 

600 

mA 

Current, Pin 2 

<2 

10 

10 

mA 

Power Dissipation and Thermal Characteristics 





Ta = 25 OC 

Pd 

0.68 

2.4 

Watts 

Derate above Ta = 25®C 

URsja 

5.44 

16 

mW/°C 

Thermal Resistance, Junction to Air 

R^JA 

184 

62 

OC/W 

Tc = 25°C 

Pd 

1.8 

9.0 

Watts 

Derate above Tc = 25°C 

1/Rejc 

14.4 

61 

mW/°C 

Thermal Resistance, Junction to Case 

RflJC 

69.4 

17 

oc/W 

Operating and Storage Junction Temperature 

Tj. Tstg 

-65 to +150 

oc 

Range 






OPERATING TEMPERATURE RANGE 


Operating Ambient Temperature Range 

Ta 


Oc 

MCI 463 

0 to +70 


MCI563 


-55 to+125 



ELECTRICAL CHARACTERISTICS (II = 100 mAdc,Tc = +25°C, Vj^ = 15 V, Vq = 10 V unless otherwise noted.) 


Characteristic 

Fig. 

Note 

Symbol 

MCI563 

MC1463 

Unit 


Typ 

mom 


Typ 

BSi 

Input Voltage 

4 

1,6 

V| 

-8.5 

wm 

-40 

Bg 

- 

-35 

Vdc 

<Ta = T|ow ® to Thigh ® 1L = 1 0 mA) 







■ 




Output Voltage Range (1 ^ = 1-0 mA) 

4 

- 

Vo 

-3.6 

- 

B 

B 

- 


Vdc 

Reference Voltage (Pin 1 to Ground) 

4 

- 

Vref 

ss 

- 3.5 

- 3.6 

BS 

-3.5 

EH 

Vdc 

Minimum Input-Output Voltage Differential 

4 

2 

IVin - VqI 

- 

1.5 

mgm 

B 

1.5 


Vdc 

(Rsc “ 0) 






Bi 

B 


mu 


Bias Current (Standby Current) 

4 


<18 

B 


11 

- 

7.0 

14 

mAdc 

(II = I.OmAdc, l|B = l| — (l) 




B 

■B 






Output Noise 

B 

mm 

VN 

B 

120 

- 

- 

120 

- 

pV(rms) 

(Cn = 0.1 pF, f = 10 Hz to 5.0 MHz) 

M 

■ 


B 







Temperature Coefficient of Outflut Voltage 

4 

3 

AVq/AT 

- 

± 0.002 

- 

- 


- 

%I°C 

Operating Load Current Range 

B 

m 

<LR 


■nil 



B 


mAdc 

(Rsc =0.3 ohm) R Package 

B 



1.0 


500 

1.0 


500 


(Rjc = 2.0 ohms) G Package 

B 

11^1 


1.0 

Bm 

200 

1.0 

B 

200 


Input Regulation (Vj^ = 1.0 V rms, f = 1.0 kHz) 

4 

Bi 

R®giine 

- 

0.002 

0.015 

- 

0.003 


%/Vo 

Load Regulation 

6 

5 

R®9load 

B 



B 




(Tj “Constant (1.0 mA<lL^20mA)) 





0.4 

1.6 


0.7 

2.4 

mV 

(Tc = +25®C [1.0 mA <Il< 50 mA]) R Package 




B 

0.005 

0.05 

B 

0.005 

0.05 

% 

G Package 




B 

0.01 

0.13 

B 

0.01 

0.13 


Output Impedance (f = 1.0 kHz) 

7 

- 

zo 


20j 

- 


35 

- 

milliohms 

Shutdown Current 

8 



B 

— 

15 


14 

50 

pAdc 

(Vi = -35Vdc) 




B 

Bi 







® T|oy^ = 0°C for MC1463 ® Thigh =+70°C for MC1463 Heat sink required for Thigh testing of "G" package. 

=-55°C for MC1563 =+125°C for MC1563 
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Note 1. "Minimum Input Voltage" is the minimum "total instanta¬ 
neous input voltage" required to properly bias the internal 
zener reference diode. 

Note 2. This parameter states that the MC1563/MC1463 will regu¬ 
late properly with the input-output voltage differential 
iV| — VqI as low as 2.7 Vdc and 3.0 Vdc respectively. 
Typical units will regulate properly with |V| - VqI as low 
as 1.5 Vdc as shown in the typical column. 


Note 3. 


"Temperature Coefficient of Output Voltage" is defined 
as: 


± (Vn max - Vn min) (100) 

AVqMT -- 

ATa(Vo@Ta = +25°C) 


where A T^ = +180°C for the MC1563 
+ 75°C for the MC1463 


The output-voltage adjusting resistors (R^ and Rg) must 
have matched temperature characteristics in order to main¬ 
tain a constant ratio independent of temperature. 


Note 4. Input regulation is the percentage change in output voltage 
pef volt change in the input voltage and is expressed as 


Input Regulatiort = —- 100 (%/Vo)- 

Vo(V|) 

where vg is the change in the output voltage Vg for the 
input change vjg. 

The following example illustrates how to compute maxi¬ 
mum output voltage change for the conditions given: 

Regin = 0.015 %/Vo 
V o - 10 Vdc 
Vjn = 1.0 V(rms) 

wo JRegiine) (V|) (Vp) 

° 100 
^ ( 0 . 015 ) ( 1 . 0 ) ( 10 ) 

100 

= 0.0015 V(rms) 

Note 5. Temperature drift effect must be taken into account 
separately for conditions of high junction temperature 
changes due to the thermal feedback that exists on the 
monolithic chip. 

''Ojl L = 1.0 mA|"1 1 = 50 mA I 
Load Regulation =-)-=-J-J-=- x 100 

1.0 mA| 

Notes. Not to exceed maximum package power dissipation. 


TEST CIRCUITS 


(II - 100 mAdc, Tq = +25°C unless otherwise noted.) 


FIGURE 4 - GENERAL TEST CIRCUIT 


FIGURE 5 - LOAD TRANSIENT RESPONSE 




FIGURE 7 - OUTPUT IMPEDANCE 




FIGURE 8 - SHUTDOWN CURRENT 
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GENERAL DESIGN INFORMATION 

1. Output Voltage, Vq 

a) Output Voltage is set by resistors Ra and Rg (see Figure 9). 
Set Rg = 6.8 k ohms and determine Ra from the graph of 
Figure 11 or from the equation: 

RA*(2lVol-7)kn 

b) Output voltage can be varied by making Ra adjustable as 
shown in Figures 9 and 10. 

c) Output voltage,Vo, is determined by the ratio of Ra and Rg 
therefore optimum temperature performance can be achieved 
if Ra and Rg have the same temperature coefficient. 

d) Vq = Vref (1 + *^A) ; therefore the tolerance on 

Rb 

output voltage is determined by the tolerance of V^ef and 
Ra and Rg. 

2. Short-Circuit Current, Igc 

Short-Circuit Current, Igc determined by Rjc- Rsc '^ay 
be chosen with the aid of Figure 11 when using the typical 
circuit connection of Figure 9. 

3. Compensation, Cq 

A 0.001 mF capacitor (Cg, see Figure 9), will provide 
adequate compensation in most applications, with or without 
current boost. Smaller values of Cg will reduce stability and 
larger values of Cg will degrade pulse response and output 
impedance versus frequency. The physical location of Cg 
should be close to the MC1563/MC1463 with short lead 
lengths. 

4. Noise Filter Capacitor, C^ 

A 0.1 mF capacitor, Cp, from Pin 3 to ground will typically 
reduce the output noise voltage to 120MV(rms). The value 
of C^ can be increased or decreased, depending on the noise 
voltage requirements of a particular application. A minimum 
value of 0.001 uF is recommended. 

5. Output Capacitor, Cg 

The value of Cg should be at least 10 pF in order to provide 
good stability. 

6. Shutdown Control 

One method of turning "OFF" the regulator is to draw 1 mA 
from Pin 2 (See Figure 8). This control can be used to 
eliminate power consumption by circuit loads which can be 
put in "standby" modV Examples include, an ac or dc 
"squelch" control for communications circuits, and a dissi¬ 
pation control to protect the regulator under sustained out¬ 
put short-circuiting. As the magnitude of the input-threshold 
voltage at Pin 2 depends directly upon the Junction temper¬ 
ature of the integratedcircuitchip, a fixed dc voltage at Pin 2 
will cause automatic shutdown for high junction temper¬ 
atures. this will protect the chip, independent of the heat 
sinking used, the ambient temperature, or the input or out¬ 
put voltage levels. Standard Logic levels of MRTL, MDTL* 
or MTTL* can also be used to turn the regulator "ON" or 
"OFF". 

7. Remote Sensing 

The connection to Pin 8 can be made with a separate lead 
direct to the load. Thus, "remote sensing" can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure ![_) on Zg can be greatly 
reduced. 


FIGURE 9 - TYPICAL CIRCUIT CONNECTION 
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Unless otherwise noted: 


TYPICAL CHARACTERISTICS 

Cn = 0.1 (xf.Cc = 0.001 Ilf, Co = lO/nF, Tq = +250C, 
V|(nom) = -15 Vdc, Vo(nom) = -^0 Vdc, II = 100 mAdc 


FIGURE 12 - TEMPERATURE DEPENDENCE 
OF SHORT-CIRCUIT LOAD CURRENT 


FIGURE 13 - FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 


Tj, JUNCTION TEMPERATURE (<>0 



1.0 10 100 1000 
f, FREQUENCY (kHz) 


FIGURE 14 ^ DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE 



0 -10 -20 -30 -40 



0 3.0 6.0 9.0 12 15 


Vo, OUTPUT VOLTAGE (VOLTS) 


Rsc, CURRENT LIMITING RESISTOR (OHMS) 


FIGURE 16 - CURRENT LIMITING CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (continued) 



0 -5.0 -10 -15 -20 -25 -30 -35 -40 


Vjn, INPUT VOLTAGE (Vdc) 


FIGURE 18 - EFFECTS OF LOAD CURRENT 
ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL 



0 too 200 300 400 500 


iL, load current (mAdc) 


FIGURE 19 - EFFECT OF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 
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IV| - Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 
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FIGURE 21 - LOAD TRANSIENT RESPONSE 


FIGURE 22 - DC OPERATING AREA 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MCI563 (MCI463) negative voltage regulator and also 
provides information on useful applications. 

SUBJECT SEQUENCE INDEX 


Specification Pg. No. 


Theory of Operation 7 

NPN Current Boosting 9 

PNP Current Boosting 10 

Positive and Negative Power Supplies 11 

SImtdown Techniques 11 

Voltage Boosting 12 


Specification Pg. No. 


Remote Sensing 12 

An Adjustable Zero-Teniperature-Coefficient 13 
Voltage Source 

Thermal Shutdown 13 

Thermal Considerations 13 

PC Board Layout and Information 15 


THEORY OF OPERATION is exactly the same approach used in the first option. That 

The usual series voltage regulator shown in Figure 23, is, the output is being resistively divided to match the 

consists of a reference voltage, an error amplifier, and a reference voltage. There is however, one big difference in 

series control element. The error amplifier compares the ' that the output of this “regulator” is driving the input of 

output voltage with the reference voltage and adjusts the another regulator (the error amplifier). The output of the 

output accordingly until the error is essentially zero. For reference amplifier has a relatively low impedance as corn- 

applications requiring output voltages larger than the refer- pared to the input impedance of the error amplifier, 

ence, there are two options. The first is to use a resistive Changes in the load of the output of the error amplifier 

divider across the output and compare only a fraction of buffered to the extent that they have virtually no effect 

the output voltage to the reference. This approach suffers on the reference amplifier. If the feedback resistors are 

from reduced feedback to the error amplifier due to the external (as they are on the MCI563) a wide range of 

attenuation of the resistive divider. This degrades load reference voltages can be established, 

regulation especially at high voltage levels. ' The error amplifier can now be operated at unity gain 

The alternative is to eliminate the resistive divider and to provide excellent regulation. In fact, this “regulatpr- 

to shift the reference voltage instead. To accomplish this, within-a-regulator” 'concept permits the load regulation to 

another amplifier is employed to amplify (or level shift) be specified in terms of output impedance rather than as 

the reference voltage using an operational amplifier as some percentage change of the output voltage. This ap- 

shown in Figure 24. The gain-determining resistors may proach was used in the design of the MCI563 negative 

be external, enabling a wide range of output voltages. This voltage regulator. 



FIGURE 23 — Series Voltage Regulator FIGURE 24 — The "Regulator-Within-A-Regulator" Approach 


Circuit diagrams utilizing Motorola products are included as a means believed to be entirely reliable. However, no responsibility is 

of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 

complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 

necessarily given. The information has been carefully checked and is license under the patent rights of Motorola Inc. or others. 

(MC1563 - Pg. 7) 
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FIGURE 25 

(Recommended External Circuitry is Depicted With Dotted Lines.) 
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MCI 563/MCI 463 Block Diagram 


Unity-Gain Regulator 


ilified Circuit Schematic 


Compensation 


Current Limit ° 5 


MC1563 (MC1463) Operation 

Figure 25 shows the MCI 563 (MC1463) Negative Reg¬ 
ulator block diagram, simplified schematic, and complete 
schematic. The four basic sections of the regulator are: 
Control, Bias, DC Level Shift, and Output (unity gain) 
Regulator. Each section is detailed in the following para¬ 
graphs. 

Control 

The control section involves two basic functions, start¬ 
up and shutdown. A start-up function is required since 
the biasing is essentially independent of the unregulated 


input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a 
resistor (60 kf2) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. This is necessary 
to keep the added noise and ripple of the auxiliary zener 
from degrading the performance of the regulator. 


(MC1563 - Pg. 8) 
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The shutdown control, in effect, consists of a PNP tran¬ 
sistor across the reference zener diode. When this transistor 
is turned “ON”, via Pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut¬ 
down. During shutdown the current drain of the com¬ 
plete 1C regulator drops to Vin/60 kf2 or 500 ^lA for a 
-30 V input. 

Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co¬ 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer¬ 
ence voltage of approximately -3.5 Vdc with a typical 
temperature coefficient of 0.002%/°C. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 

DC Level Shift 

The reference voltage is used as the input to a Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a 
conventional operational amplifier. Consequently, negative 
feedback can be employed using two external resistors (Ra 
and Rb) to set the closed-loop gain^ind to boost the refer¬ 
ence voltage to the desired output voltage. A capacitor, 
Cn, is introduced externally into the level shift network 
(via Pin 3) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 ixF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 /aF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cn will reduce the noise as well as 
delay the start-up of the regulator. 

Output Regulator 

The output of the shift amplifier is fed internally to the 
noninverting input of the output error amplifier. The 



FIGURE 26 — Typical NPN Current Boost Connection 


inverting input to this amplifier is the Output Sense con¬ 
nection (Pin 8) of the regulator. A Darlington connected 
NPN power transistor is used to handle the load current. 
The short-circuit current limiting resistor, Rsc. is con¬ 
nected in the emitter of this transistor to sample the full 
load current. This connection enables a four-diode string 
to limit the drive current to the power transistors in a 
conventional manner. 

Stability and Compensation 

As has been seen, the MCI 563 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of frequency instability due to excessive phase shift at high 
frequencies. Since the error amplifier is normally used at 
unity gain (the worst case for stability) a high impedance 
node is brought out for compensation. For normal oper¬ 
ation, a capacitor is connected between this point (Pin 7) 
and Pin 5. The recommended value of 0.001 pF will insure 
stability and still provide acceptable transient response 
(see Figure 21). It is also necessary to use an output ca¬ 
pacitor, Co, (typically 10 pF) directly from the output (Pin 
6) to ground. When an external transistor is used to boost 
the current, Cq = 100 pF is recommended (see Figure 26). 

NPN CURRENT BOOSTING 

For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem¬ 
perature changes in the 1C regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 2 or 26, are recommended. The circuit 
shown in Figure 26 can supply up to approximately 4.0 
amperes (subject to safe area limitations). At higher cur¬ 
rents the Vbe of the pass transistor may itself exceed the 
threshold of the current limit even for Rsc 0. Figure 2 
illustrates the use of an additional external diode from Pin 
4 for higher current operation or for pass transistors ex¬ 
hibiting higher Vbe’s- It will probably be necessary to 
determine Rsc experimentally for each case where a pass 
transistor is used because VbE varies from device to device. 
The circuit of Figure 26 when set up for a -10 V output 



Rjc, Current Limiting Resistor (Ohms) 


FIGURE 27 — Igc versus Rg^ (reference Figure 26) 
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(Ra =13 kJ2) supply and operating with a - 15 V input, 
with a Rsc of 0.1 will yield a change in output voltage 
of only 26 mV over a load current range of from 1 mA 
to 3.5 A. This corresponds to a dc output impedance 
of only 7.5 milliohms or a percentage load regulation of 
0.26% for a full 3.5-ampere load current change. Figure 27 
indicates how the short circuit current varies with the value 
of Rsc for this circuit. 

PNP CURRENT BOOSTING 

A PNP power transistor can also be used to boost the 
load current capabilities. To improve the efficiency of the 
PNP boost configuration, particularly for small output 
voltages, the circuit of Figure 28, is recommended. An 
auxiliary -9 volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second supply 
of lower voltage. For the 10-ampere regulator of Figure 


28 this represents a savings of 22 watts when compared 
with operating the regulator from the single -9 V supply. 
It can supply current to 10 amperes while requiring an 
input voltage to the collector of the pass transistor of -6.8 
volts minimum. The pass transistor is limited to 10 amperes 
by the added short-circuit current network in its emitter 
(Rsc2) and the IC regulator is limited to 500 mA in the 
conventional manner (Rscl)- The MJ450 exhibits a min¬ 
imum hpE of 20 at 10 amperes, thus requiring only 500 
mAfrom the MC1563R. Regulation of this circuit is com¬ 
parable to that of the NPN boost configuration. 

For higher output voltages the additional unregulated 
power supply is not required. The collector of the PNP 
boost transistor can tie directly to Pin 5 and the internal 
current limit circuit will provide short-circuit protection 
using Rsc (see Figure 11). Transistor Q2 and Rsc2 will 
not be required and Pin 2 should be returned to ground. 


(Iq '''=s400 mA max) 



FIGURE 29 — A ±15 Vdc Complementary Tracking Regulator With Auxiliary +5.0 V Supply 


(MC1563 - Pg. 10) 
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POSITIVE AND NEGATIVE POWER SUPPLIES 

If the MCI563 is driven from a floating source it is 
possible to use it as a positive regulator by grounding the 
negative output terminal. The MCI563 may also be used 
with the MCI569 to provide completely independent 
positive and negative power regulators with comparable 
performance. When used in this manner a silicon diode 
such as the 1N4001 must be connected as a clamp on the 
output with the cathode to ground and the anode to the 
negative output voltage. This is to prevent the positive 
voltage in the system from forcing the output to a positive 
value and preventing the MCI563 from starting up. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simulta¬ 
neously, and variations in the magnitudes of the two volt¬ 
ages track. Figures 3 and 29 illustrate this approach. In 
this application, the MCI563 is used as the reference regu¬ 
lator, establishing the negative output voltage. The MCI 569 
positive regulator is used in a tracking mode by grounding 
one side of the differential amplifier (Pin 6 .of the MCI 569) 
and using the other side (Pin 5 of the MCI569) to sense 
the voltage developed at the junctign of the two 3 k-ohm 
resistors. This differential amplifier controls the MCI 569 
series pass transistor such that the voltage at Pin 5 will be 
zero. When the voltage at pin 5 equals zero, +1 Vq 1 must 
equal-|Vo|. 

For the configuration shown in Figure 29, the level 
shift amplifier in the MCI 569 is employed to generate an 
auxiliary •t5-volt supply which is boosted to a 2-ampere 
capability by Q1 and 02. (The ■^5-volt supply, as shown. 


is not short-circuit protected.) The -15-volt supply varies 
less than 0.1 mV over a zero to -300 mAdc current range 
and the -H5-volt supply tracks this variation. The +15-volt 
supply varies 20 mV over the zero to ■t-300-mAdc load 
current range. The +5-volt supply varies less than 5 mV 
for 0 < II ^ 200 mA with the other two voltages remain¬ 
ing unchanged. See MC1561 data sheet or MC1569 data 
sheet for information concerning latch-up when using plus 
and minus regulations. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MCI563 is provided for the express pur¬ 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of a 
PNP transistor; which, if turned “ON”, will deny current 
to all the biasing current sources. This action causes the 
output to go to essentially zero volts and the only current 
drawn by the 1C regulator will be the small start current 
through the 60 k-ohm start resistor (Vir,/60 kf2). This 
feature provides additional versatility in the applications 
of the MCI563. Various sub-systems may be placed in a 
“standby” mode to conserve power until actually needed. 
Or the power may be turned “OFF” in response to other 
occurrences such as over-heating, over-voltage, shorted 
output, etc. 

As an illustration of the first case, consider a system 
consisting of both positive-supply logic (MTTL) and 
negative-supply logic (MECL). The MECL logic may be 
used in a high-speed arithmetic processor whose services 
are not continuously required. Substantial power may 
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FIGURE 32 — Voltage Boosting Circuit 


thus be conserved if the MECL circuitry remains un¬ 
powered except when needed. The negative regulator can 
be shutdown using any of the standard logic swings. For 
saturated logic control, Figure 30 shows a circuit that allows 
the normal positive output swing to cause the regulator 
to shutdown when the logic output is in the low voltage 
state. The negative output levels of a MECL gate can also 
be used for shutdown control as shown in Figure 31. 

VOLTAGE BOOSTING 

Some applications may require a high output voltage 
which may exceed the voltage rating of the MCI563. This 
must be solved by assuring that the IC regulator is operated 
within its limits. Three points in the regulator need to 
be considered: 

1. The input voltage (Pin 4), 

2. the output voltage (Pin 6) and, 

3. the output sense lead (Pin 8). 


A reduced input voltage can be provided by using a separate 
supply. The output yoltage maybe zener-level shifted, and 
the sense line can tie to a portion of the output voltage 
through a resistive divider. The voltage boost circuit of 
Figure 32 uses this approach to provide a -90 volt supply. 
This circuit will exhibit regulation of0.001%over a 100mA 
load current range. 

REMOTE SENSING 

The MCI 563 offers a remote sensing capability. This 
is important when the load is remote from the regulator, 
as the resistances of the interconnecting lines (Vee and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 33 shows how remote sensing is accom¬ 
plished using both a separate sense line from Pin 8 and a 
separate ground line from the regulator to the remote load. 
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AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE REFERENCE 
SOURCE 

The MCI563, when used in conjunction with low-TC 
resistors, makes an excellent reference-voltage generator. 
If the -3.5 volt reference voltage of the IC regulator is a 
satisfactory value, then Pins 1 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 
reference having a typical temperature coefficient of 
0.002%/9C. By adding two resistors, Ra and Rb, any 
voltage between -3.5 Vdc and -37 Vdc can be obtained 
with the same low TC (see Figure 34) 

THERMAL SHUTDOWN 

By setting a fixed voltage at Pin 2, the MCI563 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the 
base-emitter junction of the shutdown transistor (-1.9 x 


10"^V/°C). By setting -0.61 Vdc externally, at Pin 2, the 
regulator will shutdown when the chip temperature reaches 
approximately 140°C. Figure 35 shows a circuit that uses 
a zero-TC zener diode and a resistive divider to obtain 
this voltage. 

In the case where an external pass transistor is employed; 
its temperature, rather than that of the IC regulator, re¬ 
quires control. A technique similar to the one just dis¬ 
cussed can be used by directly monitoring the case tem¬ 
perature of the pass transistor as is indicated in Figure 36. 
The case of the normally “OFF” thermal monitoring 
transistor, Q2, should be in thermal contact with, but 
electrically isolated from, the case of the boost tran¬ 
sistor, Q1. 

THERMAL CONSIDERATIONS 

Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 



FIGURE 35 — Junction Temperature Limiting Shutdown Circuit 
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the designer must use caution not to exceed the specified 
maximum junction temperature (+175®C). Exceeding this 
limit will reduce reliability at an exponential rate. Good 
heatsinking not only reduces the junction temperature for 
a given power dissipation; it also tends to improve the dc 
stability of the output voltage by reducing the junction 
temperature change resulting from a change in the power 
dissipation of the IC regulator. By using the derating factors 
or thermal resistance values given in the Maximum Ratings 
Table of this data sheet, junction temperature can be com¬ 
puted for any given application in the same manner as for 
a power transistor*. A short-circuit on the output terminal 
can produce a “worst-case” thermal condition especially 
if the maximum input voltage is applied simultaneously 
with the maximum value of short-circuit load current 
(500 mA). Care should be taken not to exceed the max¬ 
imum junction temperature rating during this fault condi¬ 
tion and, in addition, the dc safe operating area limit (see 
Figure 22). 

Thermal characteristics for a voltage regulator are useful 
in predicting performance since dc load and line regulation 
are affected by changes in junction temperature. These 
temperature changes can result from either a change in 
the ambient temperature, Ta, or a change in the power 
dissipated in the IC regulator. The effects of ambient 


*For more detailed information of methods used to com¬ 
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semiconductors. 


temperature change on the dc output voltage can be esti¬ 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as ±0.002%/°C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current,three effects must be considered: 

1. junction temperature change due to the change in 
the power dissipation 

2. output voltage decrease due to the finite output 
impedance of the control amplifier 

3. thermal gradient on the IC chip. 

A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
“gradient coefficient,” GCVq, can be used to describe this 
effect and is typically +0.03%/watt for the MCI 563R. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 


Given: 

MC1563R 

with 

Vi = -10Vdc 


Vo = -5 Vdc 

and 

IL = 100 mA to 200 mA 


(AIl= 100 mA) 

assume 

Ta = +250C 


TO-66 Type Case with heatsink 
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assume R^CS “ 0-2®C/W 
and I^sA = 20C/W 

It is desired to find the AVq which results from this A1^. 
Each of the three previously stated effects on Vq can now 
be separately considered. 

1. aVo due to aTj 

A Vo = (Vo) (aPd)(AVo/AT) (R0JC+R5CS+R0SA) 
OR 

A Vo = (5 V)(5 VxO.l A)(±0.002%/OC)(19.20C/W) 
aVo =» ± 1.0 mW 

2. aVo due to Zq 

|aVo1 = (-Zo)(Il) 

1aVoI = -(2x 10-2)(10-1) = -2 mV ' 


3. A Vo due to gradient coefficient, AVo/AG 

lA Vol = (AVo/AGXVo)(APd) 

|A Vol = (+3 X lO-'^/WXS volts)(5 x lO' %) 

, lA Vo I = +0.8 mV 

Therefore the total A Vo is given by 

lA Vo total! = ± 1.0-2.0 +0.8 mV 

. 1 

-2.2 mV <lVo total! <-0.2 mV 

Other operating conditions may be substituted and com¬ 
puted in a similar manner to evaluate the relative effects 
of the parameters. 


Typical Printed Circuit Board Layout 
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Typical Circuit Connection for Output Voltages Between -3.5 and -37 Volts 


Q1 

4 MC1563R 


Cc 0.001 mF n MC1463R 


6.8 

_ivref 


r ° <^ 1 - 


Ra Rarit 

VqRS- 3.5(1 + ■—r- 


Select Ba i^adi 1° Give Desired Vg: ^tadj '^O kH with Rg = 6,8 kH 



Component 

Value 

Description 

Ra 


1/4 or 1/2 watt carbon 

Rb 

6.8 k ( 

Radj 

Select 

IRC Model X-201,Mallory Model MTC-1 



or equivalent 

Rsc 

Select 

1 /2 watt carbon 

R'l 

Select 

For minimum current of 1 mAtIc 

Cq 

10 pF 

Sprague 1500 Series, Dickson DIOC series 



or equivalent 

Cn 

0.1 pF \ 

Ceramic Disc — Centralab DDA104, or equivalent 

Cc 

0,001 pF j 

Sprague TG-P10, or equivalent 

J1 


Jumper 

Q1 


MC1563R or MC1463R 

*HS 


Heatsink Thermalloy #6168B or equivalent 

*Socket 

(Not Shown) 

Robinson Nugent #0001306 or equivalent 

Electronic Molding Corp. #6341-210-1, 



6348-188-1, 6349-188-1 or equivalent 

PC Board 


Circuit DOT, Inc. #PC1113 or equivalent 

1155 W. 23rd St. 

Tempe, Arizona 85281 
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Specifications and Applications Information 


MONOLITHIC VOLTAGE AND 
CURRENT REGULATOR 

This unique “floating" regulator can deliver hundreds of volts — 
limited only by the breakdown voltage of the external series pass tran¬ 
sistor. Output voltage and output current are adjustable. The MC1466/ 
MCI566 integrated circuit voltage and current regulator is designed to 
give "laboratory" power-supply performance. 


• Voltage/Current Regulation with Automatic Crossover 

• Excellent Line Voltage Regulation, 0.01% -i-I.O mV 

• Excellent Load Voltage Regulation, 0.01% -t-1.0 mV 

• Excellent Current Regulation, 0.1% -t-I.O mA 

• Short-Circuit Protection 

• Output Voltage Adjustable to Zero Volts 

• Internal Reference Voltage 

• Adjustable Internal Current Source 


TYPICAL APPLICATIONS 


PRECISION WIDE-RANGE 
VOLTAGE and 
CURRENT REGULATOR 

EPITAXIAL PASSIVATED 

INTEGRATED CIRCUIT 


CERAMIC PACKAGE 
CASE 632 
TO-116 



ORDERING INFORMATION 

Device 

Temperature Range 

Package 

MC1466L 

0°C to -t70° C 

Ceramic DIP 

MC1566L 

-55°Cto+125°C 

Ceramic DIP 


FIGURE 1 - O-TO-15 VDC, lO-AMPERES REGULATOR 


FIGURE 2 - O-TO-40 VDC, 0.5-AMPERE REGULATOR 


MPS6530 
OR ^ 
5 EQUIV/I 


2N3055 2N30S5 

OR OR 
I EQUIV EOUIV 


30 90 20 120 * CURRENT T1N400I 

—^ I Lv/VV^ •WV--'—1 LIMIT Y OR 

8.5 k 18 k 500 1 ADJUST T EQUIV 





FIGURE 3 - O-TO-250 VDC, 0.1-AMPERE REGULATOR 


FIGURE 4 - REMOTE PROGRAMMING 



1N400E OR EQUIV 

I^.VRC 
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MAXIMUM RATINGS (1^ = +25^ unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Auxiliary Voltage 

'/aux 


Vdc 

MCI466 


30 


MCI 566 


35 


Power Dissipation (Package Limitation) 

Pd 

750 

mW 

Derate above T/^ = +50®C 

^^®JA 

6.0 

mW/Oc 

Operating Temperature Range 

Ta 


“C 

MCI466 


0 to +70 


MCI566 


-55 to+125 


Storage Temperature Range 

^stg 

—65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Ta = +250C, Vgux = +25 Vdc unless otherwise noted) 


Characteristic Definition Characteristic 



Characteristic 

Symbol 

Auxiliary Voltage (See Notes 1 & 2) 

(Voltage from pin 14 to pin 7) MC146Q 
MCI 566 

'^aux 

Auxiliary Current 

MCI 466 
MCI 566 

Uux 

Internal Reference Voltage 
(Voltage from pin 12 to pin 7) MC1466 

MCI566 

'/iR 

Reference Current (See Note 3) 

MCI 466 
MCI566 

. 

Iref 

Input Current-Pin 8 

MCI 466 
MC1566 

'8 

Power Dissipation 

MCI 466 
MCI 566 

Pd 

Input Offset Voltage, Voltage Control 
Amplifier (See Note 4) MCI466 

MCI566 

'^iov 

Load Voltage Regulation 
(See Note 5) MCI466 

MCI566 

MCI 466 
MCI 566 

AViov 

AVref/Vref 

Line Voltage Regulation 
(See Note 6) MCI466 

MCI 566 

MCI 466 
MCI566 

AViov 

AVref/Vref 

Temperature Coefficient of Output Voltage 
(Ta = 0 to +75°C) MC1466 

(Ta =-55 to+ 25 OC) MC1566 

(TA=+25to+125°C) MC 1566 

TCVo 

Input Offset Voltage, Current Control 
Amplifier (See Note 4) MC1466 

(Voltage from pin 10 to pin 11) MC1566 

'^ioi 

Load Current Regulation 
(See Note 7) MG 1466 

MC1566 

MCI 466 
MCI566 

ail/Il 

A'ref 


9.0 I 12 
8.5 


18.2 19.7 

18.2 19 


1:0 1.2 

1.0 1.1 


6.0 12 

3.0 6.0 


1.0 
0.7 1.0 

0.015 0.03 

0.004 0.01 


1.0 3.0 

0.7 1.0 

0.015 0.03 

0.004 0.01 



15 40 

15 25 







% 

0.1 

1.0 nriAdc 
1.0 
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NOTE 1; 

The instantaneous input voltage, Vaux- tnust not exceed 
the maximum value of 30 volts for the MC1466 or 35 
volts for the MC1566, The instantaneous value of Vaux 
must be greater than 20 volts for the MCI566 or 21 
volts for the MC1466 for proper internal regulation. 
NOTE 2: 

The auxiliary supply voltage Vaux. n'lList "float" and be 
electrically isolated from the unregulated high voltage 
supply, Vjn- 
NOTE 3: 


Reference current may be set to any value of current 
less than 1.2 mAdc by applying the relationship: 

8.55 

Iref (mA) " "I"". ■ 

(kii) 


NOTE 4: 

A built-in offset voltage (15 mVdc nominal) is provided 
so that the power supply output voltage or current may 
be adjusted to zero. 

NOTE 5: 

Load Voltage Regulation is a function of two additive 
components, AVjov and AVref, where AVjov is the 
change in input offset voltage (measured between pins 8 
and 9) and AV^ef is the change in voltage across R2 
(measured between pin 8 and ground). Each component 
may be measured separately or the sum may be 
measured across the load. The measurement procedure 
for the test circuit shown is: 

a. With SI open (I4 = 0) measure the value of Vjov (1) 
and Vref (1) 

b. Close SI, adjust R4 so that I4 = 500 ptA and note 

Viov (2) and Vref (2). 

Then AVjov = Viov (1) - Viov (2) 

% Reference Regulation = 


i Vref (1) - Vref (2)1 
Vref (1) 


( 100 %) = 


AVref 


( 100 %) 


Load Voltage Regulation = 

(100%)-tAViov • 

Vref 

NOTE 6: 

Line Voltage Regulation is a function of the same two 
additive components as Load Voltage Regulation, AViov 
and AVref (see note 5). The measurement procedure is: 

a. Set the auxiliary voltage, Vg^x, to 22 volts for 
the MC1566 or the MCI 466. Read the value of 
Viov (1) and Vref (1). 

b. Change the Vg^^ 28 volts for the MCI 566 or 
the MC1466 and note the value of Vjov ( 2 ) and 
Vref(2). Then compute Line Voltage Regulation: 

AVjov = AVjov (1) - Vjov (2) 

% Reference Regulation = 

(Vref (1) -Vref (2)1 ( 100 %)= (100%) 

Vref (1) Vref 1 

Line Voltage Regulation = 

AV ref 

-IaI (100%) -h AViov • 

Vref 

NOTE 7: 

Load Current Regulation is measured by the following 
procedure: 

a. With S2 open, adjust R3 for an initial load current, 

Il( 1), '(^at Vq is 8.0 Vdc. 

b. With S2 closed, adjust Rt for Vq = 1.0. Vdc and read 
Il( 2)- Then Load Current Regulation = 

now.,,., 

where Iref is 1.0 mAdc, Load Current Regulation is 
specified in this manner because Iref passes through 
the load in a direction opposite that of load current 
and does not pass through the current sense re¬ 
sistor, Rs. 


FIGURE 5 


*''aux 



COMPENSATION 


rinri iit •er'UEMATir 


INTERNAL 

VOLTAGE 

REGULATOR 


REFERENCE 

CURRENT 

SOURCE 


VOLTAGE 

CONTROL 

AMPLIFIER 


CURRENT 

CONTROL 

AMPLIFIER 
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FIGURE 6 - TYPICAL CIRCUIT CONNECTION 



NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 


1. Constant Voltage: 

For Constant voltage operation, output voltage Vq is given by: 
Vo = dref) (R2) 

where R2 is the resistance from pin 8 to ground and Iref is the 
output current of pin 3. 

The recommended value of Irgf is 1.0 mAdc. Resistor R1 sets 
the value of l^ef: 

,8.5 
Iref - ^ 

where R1 is the resistance between pins 2 and 12. 


2. Constant Current: 

For constant current operation: 

(a) Select Rj for'a 250 mV drop at the maximum desired regu¬ 
lated output current, I 

(b) Adjust potentiometer R3 to set constant current output at 
desired value between zero and Irnax- 

3. If Vjp isgreater than 20 Vdc, CR2, CR3, and CR4 are necessary 
to protect the MCI 466/MCI 566during short-circuit or transient 
conditions. 


4. In applications where very low output noise is desired, R2 may 
be bypassed with Cl (0.1 ij,F.to 2.0 When R2 is bypassed, 
CR1 is necessary for protection during short-circuit conditions. 

5. CR5 is recommended to protect the MCI 466/MCI 566 from 
simultaneous pass transistor failure and output short-circuit. 


6 . The RC network (10 pF, 240 pF, 1.2 k ohms) is used for 
compensation. The values shown are valid for all applications. 
However, the 10 pF capacitor may be omitted if f,. of Q1 and 
Q2 is greater than 0.5 MHz. 

7. For remote sense applications, the positive voltage sense termi¬ 
nal (pin 9) is connected to the positive load terminal through a 
separate sense lead; and the negative sense terminal (the ground 
side of R2) ie connected to the negative load terminal through 
a separate sense lead. 


8. Co may be selected by using the relationship: 

Cq = (100 tip) lL(max)< where iL(max) ll’® maximum load 
current in amperes. 

9. C2 is necessary for the internal compensation of the MCI466/ 
MCI 566. 


10. For optimum regulation, current out of pin 5, I 5 , should not 
exceed 0.5 mAdc. Therefore select Q1 and Q2 such that: 

*max ^ 

^Tj2 ^ 

where: I max “ maximum short-circuit load current (mAdc) 

= minimum beta of Q1 
132 = minimum beta of Q2 

Although Pin 5 will source up to 1.5 mAdc, I 5 > 0.5 mAdc 
will result in a degradation in regulation. 

11. CR 6 is recommended when Vo > 150 Vdc and should be rated 


VnV I CVVIIMMCTIUCU WMCII ^ 

such that Peak Inverse Voltage^ Vo. 


12. In applications where R2 might be rapidly reduced in value, it 
is recommended that CR3 be replaced by Q2 and R4. 

8 9 



This design consideration prevents R2 from being destroyed 
by excessive discharge current from Cq. Components Q2 and 
R4 should be selected such that: 

R4=^and 

BVceqO^QZ 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MC1566/MC1466 voltage and current regulator and also provides 
information on useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 
Applications 
Transient Failures 
Voltage/Current-Mode Indicator 



THEORY OF OPERATION 


The schematic of Figure 5 can be simplified by break¬ 
ing it down into basic functions, beginning with a simplified 
version of the voltage reference, Figure 7. Zener diodes 
CRl and CR5 with their associated forward biased diodes 
CR2 through CR4 and CR 6 through CR 8 form the stable 
reference needed to balance the differential amplifier. At 
balance (VbI = Yb 2). the output voltage, (Vn - V 7 ), 
is at a value that is twice the drop across either of the two 
diode strings; V 12 - V 7 = 2 (VcRl + VcR2 + Ycr 3 
VcR 4 ). Other voltages, temperature compensated or other¬ 
wise, are also derived from these diodes strings for use in 
other parts of the circuit. 

The voltage controlled current source (Figure 8 ) is a 
PNP-NPN composite which, due to the high NPN beta. 


FIGURE 7 - REFERENCE VOLTAGE REGULATOR 



yields a good working PNP from a lateral device working 
at a collector current of only a few microamperes. Its base 
voltage (VB 2 ) is derived from a temperature compensated 
portion of the diode string and consequently the overall 
current is dependent on the value of emitter resistor Rl. 
Temperature compensation of the base emitter junction 
of Q3 is not important because approximately 9 volts 
exists between Vb 2 and V 12 , making the AVbe’s very 
small in percentage. Circuit reference voltage is derived 
from the product of Ir and Rr; if Ir is set at 1 mA 
(Rl = 8.5 kf2), then Rr (in kf2) = Vo- Other values of 
current may be used as long as the following restraints are 
kept in mind: 1 ) package dissipation will be increased by 
about 11 mW/mA and 2) bias current for the voltage control 
amplifier is 3 juA, temperature dependent, and is extracted 
from the reference current. The reference current should 

FIGURE 8 - VOLTAGE CONTROLLED CURRENT SOURCE 


Rl 




4-32 








MC1466L, MC1566L 


be at least two orders of magnitude above the largest ex¬ 
pected bias current. 

Loop amplification in the constant voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high-gain differential amplifier. The inputs are 
diode-protected against differential overvoltages and an 
emitter degenerating resistor, Rqs. has been added to one 
of the transistors. For an emitter current in both Q5 and 
Q6 of 1/2 mUliampere there wUl exist a preset offset volt¬ 
age in this differential amplifier of 15 mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. Without RqS) the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (Q9) it will be more instructive to look at the gain on 
a transconductance basis rather than voltage gain. Trans¬ 
conductance of the differential stage is defined for small 
signals as: 


1 


gm ~ 


2re + Re 


0 ) 


where 


0.026 

lE 


and 


Re “ added emitter degenerating resistance. 


For Ie “ 0.5 mA, 
1 


gm = 


1 


104 + 30 134 


= 7.5 mA/volt. 


( 2 ) 



FIGURE 10 - CURRENT CONTROL CIRCUIT 



This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance is 
about 300 mA/volt. 

A second differential stage nearly identical to the first 
stage, serves as the current control amplifier (Figure 10). 
The gain of this stage insures a rapid crossover from the 
constant voltage to constant current modes and provides 
a convenient point to control the maximum deliverable 
load current. In use, a reference voltage derived from the 
preregulator and a voltage divider is applied to pin 10 
while the output current is sampled across Rs by pin 11. 
When II Rs is 15 mV below the reference value, voltage 
Vj begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output current to a value of 
V2/RS- If V 2 is derived from a variable source, short 
circuit current may be controlled over the complete out¬ 
put current capability of the regulator. Since the constant- 
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current limit and accordingly shows a very sharp 
“knee” (1% +1 mA, Figure 11). Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than Vr. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 

FIGURE 11 -V| CURVE FOR 0-TO-40V, 
0.5-AMPERE REGULATOR 


O 

> 30-- 

Ui 

O 
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Transistor Q9 and five diodes comprise the essential 
parts of the Output stage (Figure 12). The diodes perform 
an “OR” function which allows only one mode of operation 
at a time - constant current or constant voltage. However, 
an additional stage (Q9) must be included to invert the 
logic and make it compatible with the driving requirements 
of series pass transistors as well as provide additional gain. 
A 1.5 mA collector current source sets the maximum de¬ 
liverable output current and boosts the output impedance 
to that of the current source. 

Note that the negative (substrate) side of the MCI566/ 
MCI466 is 7.25 volts lower than the output voltage, and 
the reference regulator guarantees that the positive side is 
11 volts above the output. Thus the 1C remains at a voltage 
(relative to ground) solely dependent on the output, “float¬ 
ing” above and below Vq. across 09 is only two or 
three Vgg’s depending on the number of transistors used 
in the series pass configuration. 

Performance characteristics of the regulator may be 
approximately calculated for a given circuit (Figure 2). 
Assuming that the two added transistors (Q12 and Q13) 
have minimum beta’s of 20 , then the overall regulator 
transconductance will be; 

gmj = (400)300 mA/volt = 120 A/volt. (3) 

For a change in current of 500 mA the output voltage 
will drop only; 

0.5 

AV=- =4.2 mV. (4) 

120 

FIGURE 12 - MC1566 OUTPUT STAGE 



The analysis thus far does not consider changes in Vr 
due to output current changes. If Ig increases by 500 mA 
the collector current of Q9 decreases by 1.25 mA, causing 
the collector current of Q5 to increase by 30 /tA. Accord¬ 
ingly, 1r will be decreased by «»0.30 juA which will drop 
the output by 0.03%. This figure may be improved con¬ 
siderably by either using high beta devices as the pass 
transistors, or by increasing Ir. Note again, however, that 
the maximum power rating of the package must be kept 
in mind. For example if Ir = 4 mA, power dissipation is 

PD = 20V(8mA) + (ll Vx3mA)= 193mW. (5) 

This indicates that the circuit may be safely operated up 
to 118®C using 20 volts at the auxiliary supply voltage. 
If, however, the auxiliary supply voltage is 35 volts, 

PD = 35 V (8 mA) + 26 V (3 mA) = 358 mW. ( 6 ) 

which dictates that the maximum operating temperature 
must be less than 91°C to keep package dissipation within 
specified limits. 

Line voltage regulation is also a function of the voltage 
change between pins 8 and 9, and the change of Vjef. In 
this case, however, these voltages change due to changes in 
the internal regulator’s voltages, which in turn are caused 
by changes in Vgux- Note that line voltage regulation is 
not a function of Vjn. Note also that the instantaneous 
value of Vaux always be between 20 and 35 volts. 

Figure 6 shows six external diodes (CRi to CR 6 ) added 
for protective purposes. CRj should be used if the output 
voltage is less than 20 volts and CR 2 , CR 3 are absent. For 
Vq higher than 20 volts, CR] should be discarded in favor 
of CR 2 and CR 3 . Diode CR 4 prevents 1C failure if the 
series pass transistors develop collector-base shorts while 
the main power transistor suffers a simultaneous open emit¬ 
ter. If the possibility of such a transistor failure mode 
seems remote, CR 4 may be deleted. To prevent instant¬ 
aneous differential and common-mode breakdown of the 
current sense amplifier, CR 5 must be placed across the 
current limit resistor Rs. 

Load transients occasionally produce a damaging reversal 
of current flow from output to input Vq > 150 volts (which 
will destroy the 1C). Diode CR 6 prevents such reversal 
and renders the circuit imrhune from destruction for such 
conditions, e.g., adding a large output capacitor after the 
supply is turned “on”. Diodes CRj, CR 2 , CR 3 , and CR 5 
may be general purpose silicon units such as 1N4001 or 
equivalent whereas CR 4 and CR 6 should have a peak inverse 
voltage rating equal to Vjn or greatej. 

APPLICATIONS 

Figure 2 shows a typical O-to-40 volts, 0.5-ampere reg¬ 
ulator with better than 0.01% performance. The RC net¬ 
work between pins 5 and 6 and the capacitor between pins 
13 and 14 provide frequency compensation for the MC1566/ 
MCI466. The external pass transistors are used to boost 
load current, since the output current of the regulator is 
less than 2 mA. 


A.'XA 
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Figure 1 is a O-to-15 volts, 10-ampere regulator with the 
pass transistor configuration necessary to boost the load 
current to 10 amperes. Note that Co has been increased to 
1000 fiF following the general rule: 

Co = 100mF/AIl. 

The prime advantage of the MC1566/MC1466 is its use 
as a high voltage regulator, as shown in Figure 3. This 
O-to-250 volts 0.1-ampere regulator is typical of high volt¬ 
age applications, limited only by the breakdown and safe 
areas of the output pass transistors. 

The primary limiting factor in high voltage series regula¬ 
tors is the pass transistor. Figure 13 shows a safe area curve 
for the jMJ413. Looking at Figure 3, we see that if the 
output is shorted, the transistor will have a collector cur¬ 
rent of 100 mA, with a Vcg approximately equal to 260 
volts. Thus this point falls on the dc line of the safe area 
curve, insuring that the transistor will not enter secondary 
breakdown. 

In this respect (Safe Operating Area) the foldback circuit 
of Figure 14 is superior for handling high voltages and yet 
is short-circuit protected. This is due to the fact that load 
current is diminished as output voltage drops (Vce increases 
as Vq drops) as seen in Figure 15. By careful design the 
load current at a short, Isc can be made low enough such 
that the combined VcE (Vin) and Isc still falls within the 
dc safe operating area of the transistor. For the illustrated 
design (Figure 14), an input voltage of 210 volts is compa¬ 


tible with a short-circuit current of 100 mA. Yet current 
foldback allows us to design for a maximum regulated load 
current of 500 mA. The pertinent design equations are: 

Let R 2 (kf2) = Vq 



Rl (k£2)=-^ Vo 

D - 0.25 

(1 - a) IsC 



FIGURE 14 - A 200 V, 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK 
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The terms Isc ^nd Ik correspond to the short-circuit 
current and maximum available load current as shown in 
Figure 15. 

FIGURE 15 - TYPICAL FOLDBACK PERFORMANCE 



Iq, output current (mAdc) 


Figure 16 shows a remote sense application which should 
be used when high current or tong wire lengths are used. 
This type of wiring is recommended for any application 
where the best possible regulation is desired. Since the 
sense lines draw only a small current, large voltage drops 
do not destroy the excellent regulation of the MCI566/ 
MC1466. 


TRANSIENT FAILURES 

In industrial areas where electrical machinery is used 


the normal ac line often contains bursts of voltage running 
from hundreds to thousands of volts in magnitude and only 
microseconds in duration. Under some conditions this en¬ 
ergy is dissipated across the internal zener connected be¬ 
tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. This type of failure is identified by absence 
of the 7-volt zener (CRl) between pin 9 and pin 7. To pre¬ 
vent this failure mode the use of a shielded power 
transformer is recommended, as shown in Figure 6. In 
addition, it is recommended that Cl, C3 and C4 be 
included to aid in transient repression. These capacitors 
should have good high frequency characteristics. 

If the possibility of transients on the output exists, the 
addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added. 

VOLTAGE/CURRENT - MODE INDICATOR 

There may be times when it is desirable to know when 
the MCI566/MC1466 is in the constant current mode or 
constant voltage mode. A mode indicator can be easily 
added to provide this feature. Figure 18 shows how a PNP 
transistor has replaced a protection doide between pins 8 
and 9 of Figure 2. When the MCI 566/MC 1466 goes from 
constant voltage mode to constant current mode, Vq will 
drop below Vg and the PNP transistor will turn on. The 
1-mA current supplied by pin 8 will now be shunted to 
base of Q2 thereby turning on the indicator device II. 


FIGURE 16 REMOTE SENSE 
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DUAL ±15-VOLT REGULATOR 

The MCI 568/MCI 468 isadual polarity tracking regulator designed 
to provide balanced positive and negative output voltages at currents 
to 100 mA. Internally, the device is set fort 15-volt outputs but an 
external adjustment can be used to change both outputs simul¬ 
taneously from 8.0 to 20 volts. Input voltages up to ± 30 volts can 
be used and there is provision for adjustable current limiting. The 
device is available in three package types to accomodate various 
power requirements. 

• Internally set to.4:15 V Tracking Outputs 

• Output Currents to 100 mA 

• Outputs Balanced to within 1% (MC1568) 

• Line and Load Regulation of 0.06% 

• 1% Maximum Output Variation due to Temperature Changes 

• Standby Current Drain of 3.0 mA 

• ' Externally Adjustable Current Limit 

• Remote Sensing Provisions 

• Case is at Ground Potential (R suffix package) 


DUAL±15-VOLT 
TRACKING REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




(bottom view) 


CASE 603C 
METAL PACKAGE 
TO-100 
GSUFFIX 
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MAXIMUM RATINGS (Tq =+25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

vcc.I’^eeI 




Vdc 




30 



Peak Load Current 

IPK 

100 

mA 

Power Dissipation and Thermal Characteristics 


G Padkage 

R Package 

L Package 


Ta = +25°C 

Pd 

0.8 

2,4 

1.0 

Watts 

Derate above Ta = +25°C 

1/ejA 

6.6 

28.5 

10 


Thermal Resistance, Junction to Air 

®JA 

150 

35 

100 

°C/W 

Tc = +25°C 

Pd 

2.1 

9.0 

2.5 

Watts 

Derate above Tq = +25°C 

1/0 JC 

14 

61 

20 

mW/°C 

Thermal Resistance, Junction to Case 

®JC 

70 

17 

50 

OC/W 

Storage Junction Temperature Range 

Tj.Tstg 

-65 to+175 

OC 

Minimum Short-Circuit Resistance 

Rsc(min) 

4.0 

Ohrhs 


OPERATING TEMPERATURE RANGE 


Ambient Temperature 

MC1468 

Ta 

0 to +70 

°C 


MCI568 


-55 to+125 



ELECTRICAL CHARACTERISTICS (Vcc = +20 V, Vee = -20V, Cl = C2 = 1500 pF, C3 = C4= I.OmF, Rsc"^ = Rsc" = ^.0 n, 

•L^ “ Il~ “ 0> Tc = +25°C unless otherwise noted.) (See Figure 1.) _ 



1 MC1568 

1 MC1468 


Characteristic 

Symbol* 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage 

Vo 

±14.8 

±15 

±15.2 

±14.5 

±15 

±15.5 

Vdc 

Input Voltage 

Vin 

- 

- 

±30 

- - 

- 

±30 

Vdc 

Input-Output Voltage Differential 

O 

> 

c 

> 

Bl 

- 

- 

mrm 

- 

- 

Vdc 

Output Voltage Balance 

VBal 


±50 

±150 


±50 

±300 

mV 

Line Regulation Voltage 

Regin 

■Hill 

■jj^H 





mV 

(Vin= 18 V to 30 V) 




10 



10 


(T|ow®10 Thigh^ 


mm 

nmm 

20 

IHIIIIi 

mEH 

20 


Load Regulation Voltage 

RegL 

m^i 

mmi 


mim 

mm 


mV 

(1L = 0 to 50 mA, Tj = constant) 




10 



10 


(Ta = T|( 3 ^ to Thigh) 



mmi 

30 

iimni 

miiHi 

30 


Output Voltage Range 

VOR 





im 


Vdc 

L Package (See Figure 4.) 


±8.0 


±20 

±8.0 


±20 


R and G Packages (See Figures 2 and 13.) 


±14.5 

miiiimm 

±20 

±14.5 

IIBHI 

±20 


Ripple Rejection (f = 120 Hz) 

RR 

- 

1 75 1 

- 


75 

- 

dB 

Output Voltage Temperature Stability 

ItsvqI 

Ill 

■■ 


mm 



% 

(T|owThigh) 



K9 

1.0 


0.3 

1.0 


Short-Circuit Current Limit 

•sc 






■■■ 

mA 

(RSC“ 10 ohms) ' 


- 

60 

- 

iiiiimn 

60 

HB 


Output Noise Voltage 

Vn 






igi 

pV(RMS) 

(BW= 100 Hz-10 kHz) . 


- 

100 

- 


100 



Positive Standby Current 

•b'" 


m 



■1 


mA 

(Vih = +30 V) 



iEBI 

4.0 

- 

mi 

4.0 


Negative Standby Current 

•b'' 






mm 

mA 

(Vin = -30V) 



1.0 

3.0 

- 

1.0 



Long-Term Stability 

AVo/At 

- 

CM 

d 

.1 

- 

0.2 

- 

%/k Hr 


0 T|ow= 0°CforMC1468 @ Thigh =+70OG for MC1468 

=-55°C for MC1568 =+125°C for MC1568 
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MC1468, MC1568 


TYPICAL APPLICATIONS 


FIGURE 1 - BASIC 50-mA REGULATOR 



Cl and C2 should be located as close C3 and C4 may be increased to improve load 

to the device as possible. A 0.1 ^9 ceramic transient response anti to reduce the output 

capacitor (Cjn) may be required on the input noise voltaije. At low temperature operation, it 
lines if the device is located an appreciable may he necessary to bypass C4 with a 0.1 

distance from the rectifier filter capacitors. ceramic disc capacitor. 


FIGURE 2 " VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 
(14.5 V < < 20 V) 



Balance adjust available in MC1568L, MC1468L ceramic 
dual in-line package only. 


FIGURE 3 - ±1.5-AMPERE REGULATOR FIGURE 4 - OUTPUT VOLTAGE ADJUSTMENT 

(Short-Circuit Protected, with Proper Heatsinking) FOR8.0V^I±Vo 14.5 V 

(Metal-Packaged Devices Only, R Suffix) (Ceramic-Packaged Devices Only, L Suffix.) 




The presence of the Batadj. pin 2, on devices 
housed in the dual in-line package (L suffix) allows 
the user to adjust the output voltages down to 
rS.O V. The required value of resistor R2 can 
calculated from 

RIRinild^Ve) 

Rim IVq -0- Va) -s> Rl 
Where: Rint = An Internal Resistor = R1 = 1 kti 
(>= 0.68 V 
Vj = 6.6 V 


Some common design values are listed below: 


sVn.V) R2 TcVo(%/°C) iBh(mA) 

14 1.2 k 0.003 10 

12 1.8 k 0.022 7.2 

10 3.5 k 0.025 5.0 

8.0 ~ 0.028 2.6 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility' is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license.under the patent rights of Motorola Inc. or others. 
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MC1468, MC1568 


TYPICAL CHARACTERISTICS 

(Vcc = +20 V, Vee = -20 V, Vq =±15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 5 - LOAD REGULATION 


-550C<Ta<+125“C- 


■r250C<TA< + 126“C 


FIGURE 6 - REGULATOR DROPOUT VOLTAGE 


RSC = 4.0 OHMS 
AVq < 100 mV 


NEGATIVE REGULATOR 


80 100 


IL. LOAD CURRENT (mA) 


FIGURE 7 - MAXIMUM CURRENT CAPABILITY 


IL. LOAD CURRENT (mA) 


FIGURE 8 - MAXIMUM CURRENT CAPABILITY 


. " 


-r75 +100 +125 

Ta, AMBIENT TEMPERATURE (“O 

FIGURE 9 — Isc versus RsC 


I Vin Vo I, INPUT OUTPUT VOLTAGE DIFFERENTIAL (V) 


FIGURE 10 - CURRENT-LIMITING CHARACTERISTICS 


24 28 32 

RSC, SHORT-CIRCUIT RESISTOR (OHMS) 























_ RSC=JOOHMS 






-- 


___ 










__Rs’c = 20 0HMS 
















Tj, JUNCTION TEMPERATURE (<>0 
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aUTPUT VOLTAGE DEVIATrON, 20 mV/DIV THERMAL SHIFT (%/oC, IB, INPUT CURRENT (mA) 


MC1468, MC1568 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +20 V, Vee = -20 V, Vq =±15 V, T/^ = +25°C unless othenwise noted.) 




16 18 20 22 24 26 28 30 32 15 16 17 18 19 20 


±Vin, INPUT VOLTAGE (±V) 


±Vo, OUTPUT VOLTAGE (±V) 


FIGURE 13 - TEMPERATURE COEFFICIENT OF 
OUTPUT VOLTAGE 


1 1 1 

Vcc= Vee =30V 





-- 


RSC 

= 4.0C 

HMS 














-1 




















- 



















LCHAN 

GE IN 

'o 

— 



_^_ 

CHANGE IN JUNCTION TEMPERATURE 

_ ^^^^_1. 1 


IS 16 17 18 13 20 

±Vo, OUTPUT VOLTAGE (±V) 


FIGURE 14 - LOAD TRANSIENT RESPONSE 
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TIME, 20a/s/DIV 


FIGURE 15 - LINE TRANSIENT RESPONSE 


.. 1 ....1 J . 













OSITIV 

E REGL 

LATOf 












7 — 

AVin = 

■20 to ^ 

23 V 







RSC = 10 OHMS 

1 J_ 



EGATU 

'E REG 

JLATO 


AVee 

= -20 V 

1 

to -23 V 

/| 


R 




/ 


















TIME, SOfis/DlV 



100 T.Ok 10 k 100 k 1.0 M 


f, INPUT FREQUENCY (Hz) 
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MC1468, MC1568 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +20 V, VgE = -20 V, Vq = i15 V, T/^ = +25°C unless othenwise noted.) 


FIGURE 17 - OUTPUT IMPEDANCE 



f, TEST FREQUENCY (Hz) 
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MC1469 

MC1569 


Specifications and Applications Information 


MONOLITHIC VOLTAGE REGULATOR 

The MCI 569/MCI 469 is a positive voltage regulator designed to 
deliver continuous load current up to 500 mAdc. Output voltage is 
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for 
use within the. military temperature range (—55 to +125°C) and the 
MC1469 within the 0 to +70°C temperature range. 

For systems requiring a positive regulated voltage, the MC1569 
can be used with performance nearly identical to the MCI563 negative 
voltage regulator. Systems requiring both a positive and negative 
regulated voltage can use the MC1569 and MC1563 as complementary 
regulators with a common input ground. 

• Electronic "Shut-Down" Control 

• Excellent Load Regulation (Low Output Impedance — 20 miHi* 

ohms typ) 

• High Power Capability: up to 17.5 Watts 

• Excellent Temperature Stability: ±0.002 %/°C typ 

• High Ripple Rejwtion: 0.002 %/V typ 


FIGURE 1 - ±15 V, ±400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 



MC1669R 

MCI469 R 5 
■ (POSITIVE 

REGULAT0RI_J 
n [CASE 


2N706 OR EQUIV 

' 0.001 itf 


■((NEGATIVE 

J regulatoriL 


POSITIVE VOLTAGE REGULATOR 
INTEGRATED CIRCUIT 

SILICON NONOLITHIC 
EPITAXIAL PASSIVATED 



ORDERING INFORMATION 




TEMPERATURE RANGE 


0° C to +70“C 



-55° C to +125° C 


FIGURE 2 - TYPICAL CIRCUIT CONNECTION 
(3.5 <Vo <37 Vdc, 1 <500 mAI 


FIGURE 3 - TYPICAL NPN CURRENT BOOST CONNECTION 
(Vq = 5.0 Vdc, l|_ = 10 Adc [max]) 
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MAXIMUM RATINGS (Tc = +25°C unless otherwise noted) 



Rating 

Symbol 

Value 

Unit 

Input Voltage 

MC1469 
MCI 569 

Vin 

35 

40 

Vdc 

Peak Load Current 

•PK 

G Package 

R Package 

mA 

250 

600 

Current, Pin 2 

Current, Pin 9 


10 

5.0 

10 

5.0 

mA 

Power Dissipation and Thermal Characteristics 

' Ta = +25°C 

Derate above Ta = +25°C 

Thermal Resistance, Junction to Air 

Tc = +25°C 

Derate above Tc = +25°C 

Thermal Resistance, Junction to Case 

Pd 

1/^JA 

^JA 

Pd 

1/^JC 

®JC 

0.68 

5.44 

184 

1.8 

14.4 

69.4 

3.0 

24 

41.6 

14 

140 

7.15 

Watts 

mW/°C 

°C/W 

Watts 

mW/°C 

°C/W 

Operating and Storage Junction Temperature 

Tj, Tstg 

-65 to+150 j 

°C 


OPERATING TEMPERATURE RANGE 



Ambient Temperature 

MCI 469 

Ta 

0 to +70 

°C 


MCI 569 


-55 to+125 




ELECTRICAL CHARACTERISTICS 

(Tc = +25°C unless otherwise noted) (Load Current = 100 mA for "R" Package device, otherwise noted) 

= 10 mA for “G" Package device, 


Characteristic 


Input Voltage 

<Ta = T|ow® to Thigh®) 


Output Voltage Range 


Reference Voltage (Pin 8 to Ground , Vj^ = 15 V 


Minimum I nput-Output Voltage Differential 
(f^sc “ 0) 


Bias Current (Vj^^ = 15 V) 

(II = 1.0 mAdc, R2 = 6.8 k ohms, I|b = Mn " 'u)' 


Output Noise 

(C|M = 0.1 /UF, f = 10 Hz to 5.0 MHz) 


Temperature Coefficient of Output Voltage 


Operating Load Current Range 

(Rsc <0.3 ohms) R Package 

(Rsc < 2.0 ohms) G Package 


Input Regulation 


Load Regulation 

(Tj = Constant [1.0 mA^lL^20 mA]) 

(Tc = +250C [1.0 mA^lL:^50 mA]) R Package 
G Package 


Output Impedance 

(Cc = 0.001 MF, Rsc = TO ohm, f= 1.0 kHz, 
Vjn =+14 VdC, Vq =+10 Vdc) 


Shutdown Current 
(Vjn = +35 Vdc) 



® T|ow = 0°C for MC1469 

= -55°C for MCI569 


I Thigh =+70° Cfor MC1469 
= +125°C for MCI569 
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fvlote 1. "Minimum Input Voltage" is the minimum "total instan¬ 
taneous input voltage" required to properly bias the in¬ 
ternal zener reference diode. For output voltages greater 
than approximately 5.5 Vdc the minimum "total instan¬ 
taneous input voltage" must increase to the extfent that 
it will always exceed the output voltage by at least the 
"input-output voltage differential". 

Note 2. This parameter states that the MC1569/MG1469 will 
regulate properly with the input-output vbitage differ¬ 
ential (Vjp — Vq) as low as 2.7 Vdc and 3.0 Vdc 
respectively. Typical units will regulate properly with 
<Vin — Vq) as low as 2.1 Vdc as shown in the typical 
column. (See Figure 21.) 

Note 3. "Temperature Coefficient of Output Voltage" is defined 
as: 

± (Vq max — Vn min) (100) 

MC1569.TCV0. 

MC1469.TCVO- "'''O T” "%/°C 
(75 C) (Vq @ 25 C) 

The output-voltage adjusting resistors (R1 and R2) must 
have matched temperature characteristics in order to 
maintain a constant ratio independent of temperature. 


Note4. Input regulation is the percentage change in output 


voltage per volt change in the input voltage and is 
expressed as 


Input Regulation = r. —; r 100 [%I\Iq). 

VO 'Vin* 

where Vq is the change in the output voltage Vq for 
the input change Vjp. 

The following example illustrates how to compute 
maximum output voltage change for the conditions 
given: 

Regjn = 0.015 %/Vo 
Vo = 10Vdc 
Vjn = 1.6 V(rms) 

Vq = (Begin) (vin) (Vq) 

100 

= (0.015) (1.0) (10) 

100 

= 0.0015 V(rrns) 

Note 5. Load regulation is specified for small «-t17°C) changes 
injunction temperature. Temperature drift effect must 
be taken into account separately for conditions of high 
junction temperature changes due to the thermal feed¬ 
back that exists on the monolithic chip. 

[Vo|Il 1-0 tttA]-rVo|lL = 50 m/6 
Load Regulation = “^ 0 ^ 1 := 1.0 mA-100 


CIRCUITS 


FIGURE 4 - CONNECTION FOR Vq >3.5 Vdc 

|. (Rjc - 2.7 ohms unless otherwise noted) 



Select ni to give desired Vq: »(2 Vq - 7) h $ 


FIGURE 6 - INPUT REGULATION 



FIGURE 7 - LOAD REGULATION 


2.7 Vo»10Vdc 


1 K2 Vo=10V 
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GENERAL DESIGN INFORMAtlON 

1 . Output Voltage, Vq 

a) For Vq ^ 3.5 Vdc — Output voltage is set by resistors R1 
and R2 (see Figure 4). Set R2 = 6.8 k ohms and determine 
R1 from the graph of Figure 10 or frbm the equation; 

R1«s(2Vo-7)kn 

b) For 2.5 ^ Vq ^ 3.5 Vdc — Output voltage is set by resis¬ 

tors R1 and R2 (see Figure 5). Resistors R1 and R2 can be 
determined from the graph of Figure 11 or from the 
equations: ' 

t 

R2«s2 (Vq) kfl 
R1 (7 kn-R2) kJ2 

c) Output voltage, Vq, is determined by the ratio of R1 and 
R2, therefore optimum temperature performance can be 
achieved if R1 and R2 have the same temperature 
coefficient. 

d) Output voltage can be varied by making R1 adjustable as 
shown in Figure 43. 

e) If Vq = 3.5 Vdc (to supply MRTlTfor example), tie pins 6, 
8 and 9 together. R1 and R2 are not needed in this case. 

2. Short Circuit Current, Ig^ 

Short Circuit Current, Ig^. is determined by Rg^. Rg^. may 
be chosen with the aid of Figure 12 or the expression: 


7. Remote Sensina 

The connection to pin 5 can be made with a separate lead 
direct to the load. Thus, "remote sensing" can be achieved 
and the effect of undesired impedances (including that of 
the miiiiammeter used to measure I l) on Zq greatly 

reduced. 


FIGURE 10 - R1 versus Vq 
(Vq ^3.5 Vdc, See Figure 4) 



0 6.0 10 15 20 25 30 36 

Vo, OUTPUT VOLTAGE (VOLTS) 


where Ig^ is measured in amperes. This expression is also 
valid when current is boosted as shown in Figure 2. 

3. Compensation, Cc 

A 0.001 lUF capacitor, Cg, from pin 4 to ground will provide 
adequate compensation in most applications, with or with¬ 
out current boost. Smaller values of C^ will reduce stability 
and larger values Of C,* will degrade pulse response and out¬ 
put impedance versus frequency. The physical location of 
Cc should be close to the MCI 569/IVlC 1469 with short lead 
lengths. 

4. Noise Filter Capacitor, Cfj 

A (J.l jUF capacitor, CN. from pin 7 to ground will typically 
reduce the output noise voltage to 150/iV(rms). The value 
of C|v| can be increased or decreased, depending on the 
noise voltage requirements of a particular application. A 
minirtium value of 0.001 (JiF is recommended. 

5. Output Capacitor, Cq 

The value of Cq should be at least 1.0 /iF in order to 
provide good stability. The maximum value recommended 
is a function of current limit resistor Rgc: 

„ ^250 llF 

Cq max ^ 

Rgc 

where Rgc is measured in ohms. Values of Cq greater than 
this will degrade the pulse response characteristics and 
increase the settling time. 

6. Shut-Down Control 

One rriethod of turning "OFF" the regulator is to apply a 
dc voltage at pin 2. This control can be used to eliminate 
power consumption by circuit loads which can be put in 
"standby" mOde. Examples include, an ac ordc "squelch" 
control for communications circuits, and a dissipation con¬ 
trol to protect the regulator under sustained output short- 
. circuiting. As the magnitude of the input-threshOld voltage 
at Pin 2 depends directly upon the junction temperature of 
the integrated circuit chip, a fixed dc voltage at Pin 2 will 
cause automatic shut-down for high junction temperatures. 
This will protect the chip, independent of the heat sinking 
used, the arnbieht temperature, or the input or output 
voltage levels. Standard Logic levels of MRTL, MDTL* or 
MTTL* can also be used to turn the regulator "ON" or 
"OFF". 


FIGURE 11 - R1 and R2 versus Vq 
( 2.5 <Vo ^3.5 Vdc, See Figure 5) 




1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


Rsc, EXTERNAL CURRENT-LIMITING RESISTOR (OHMS) 
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TYPICAL CHARACTERISTICS 

Unless otherwise noted: Cfj = 0.1 fXF. Cc = 0.001 jUF, Cq = 1-0 jUF, Tc = +25°C, 
Vjn nom = +9.0 Vdc, Vq nom = +5.0 Vdc, 

IL >200 mA for R package only. 


FIGURE 13 - DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE 



Vq, output voltage (VOLTS) 


FIGURE 14 - OUTPUT IMPEDANCE versus Rgc 



0 2.0 4.0 6.0 8.0 10 12 14 16 

Rsc, EXTERNAL CURRENT LIMITING RESISTOR (OHMS) 


FIGURE 15 - FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Cq = lOjlXF 



1.0 10 100 1000 


f, FREQUENCY (kHz) 


FIGURE 16- FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Cq = 2.0 JUF 



1.0 10 100 1000 
f, FREQUENCY (kHz) 


FIGURE 17 - CURRENT-LIMITING CHARACTERISTICS 
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MC1469, MC1569 


TYPICAL CHARACTERISTICS (continued) 

Unless otherwise noted: C|\| = 0.1 fJF, Cq = 0.001 jUF, Cq = 1.0 jUF, Tc = +25°C, 

Vjn nom = +9,0 Vdc, Vq nom = +5.0 Vdc, 

Il> 200 mA for R package only. 

FIGURE 19 - EFFECT OF LOAD CURRENT ON FIGURE 20 - EFFECT OF INPUT-OUTPUT VOLTAGE 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL DIFFERENTIAL ON INPUT REGULATION 




FIGURE 21 - INPUT TRANSIENT RESPONSE 
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FIGURE 22 - TEMPERATURE DEPENDENCE OF 
SHORT-CIRCUIT LOAD CURRENT 



-75 -50 -25 0 +25 +60 +75 +100 +126 

Ta, ambient temperature (°C) 


FIGURE 23 - FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Cq = 10 flf 


FIGURE 24- FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Cq = 2.0 MF 



1.0 10 100 1000 



0,5 1.0 5.0 10 50 100 500 


f, FREQUENCY (kHz) 


f, FREQUENCY (kHz) 
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MC1469, MC1569 


OPERATIONS AND APPLICATIONS 

This section describes the operation and design of the MC1569 positive voltage regulator and also provides information on 
useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 

Shutdown Techniques 

Thermal Shutdown 

NPN Current Boosting 

Voltage Boosting 

Thermal Considerations 

PNP Current Boosting 

Remote Sensing 

Latch-Up 

Switching Regulator 

An Adjustable-Zero-Temperature- 


Positive and Negative Power Supplies 

Coefficient Voltage Source 




THEORY OF OPERATION 

The usual series voltage regulator shown in Figure 25, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer¬ 
ence, there are two options. The first is to use a resistive 
divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 26. The gain-determining, resistors may 
be external, enabling a wide range of output voltages. This 


is exactly the same approach used fn the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this “regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com¬ 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MCI569) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this “regulator- 
within-a-regulator” concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap¬ 
proach was used in the design of the MCI569 positive- 
voltage regulator. 


FIGURE 25 - SERIES VOLTAGE REGULATOR FIGURE 26 - THE "REGULATOR-WITrilN-A-REGULATOR" APPROACH 



Circuit diagrams Utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes fs not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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FIGURE 27 
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MCI 569 Operation 

Figure 27 shows the MCI569 Regulator block diagram, 
simplified schematic, and complete schematic. The four 
basic sections of the regulator are: Control, Bias, DC 
Level Shift, and Output (unity gain) Regulator. Each sec¬ 
tion is detailed in the following paragraphs. 

Control 

, The control section involves two basic functions, start¬ 
up and shutdown. A start-up function is required since 
the biasing is essentially independent of the unregulated 


input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a re¬ 
sistor (60 kf2) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. This is neces¬ 
sary to keep the added noise and ripple of the auxiliary 
zener from degrading the performance of the regulator. 
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The shutdown control consists of an NPN transistor 
across the reference zener diode. When this transistor is 
turned “ON”, via pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut¬ 
down. During shutdown the current drain of the com¬ 
plete 1C regulator drops to Vin/60 or 500 iiA for a 
30 V input. 

Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co¬ 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer¬ 
ence voltage of approximately 3.5 Vdc with a typical 
temperature coefficient of 0.002 %/°C. In addition, this 
circuit also provides a reference current which is used to 
biasall current sources in the remaining regulator circuitry. 

DC Level Shift 

The reference voltage is used as the input to a Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a 
conventional operational amplifier. Consequently,negative 
feedback can be employed using two external resistors(Rl 
and R2) to set the closed-loop gain and to boost the refer¬ 
ence voltage to the desired output voltage. A capacitor, 
Cn, is introduced externally into the level shift network 
(via pin 7) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 fxF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (O.OQl mF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cm will reduce the noise as well as 
delay the start-up of the regulator. 


Output Regulator 

The output of the level shift amplifier (pin 9) is fed to 
the noninverting input (pin 6) of the output error ampli¬ 
fier. The inverting input to this amplifier is the Output 
Sense connection (pin 5) of the regulator. A Darlington 
connected NPN power transistor is used to handle the load 
current. The short-circuit current limiting resistor, Rsc, is 
connected in the emitter of this transistor to sample the 
full load current. By placing an external low-level NPN 
transistor across Rsc as shown in Figure 27, output 
current can be limited to a predetermined value: 


, 0.6 „ 0.6 

li max -rr- or R^c = ,- 

Rsc IL max 


where II max is the maximum load current (amperes) and 
Rsc is the value of the current limiting resistor (ohms). 


Stability and Compensation 

As has been seen, the MCI 569 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of instability, due to excessive phase shift at high frequen¬ 
cies. Since the error amplifier is normally used at unity 
gain (the worst case for stability) a high impedance node 
is brought out for compensation. For normal operation, a 
capacitor is connected between this point (pin 4) and 
ground. The recommended value of 0.001 ijlF will insure 
stability and still provide acceptable transient response 
(see Figure 28, A and B). It is also necessary to use-an 
output capacitor, Cq (typically 1.0 ixF) from the output, 
Vo, to ground. When an external transistor is used to 
boost the current, Cq = 10 juF is also recommended (see 
Figure 2). 


FIGURE 28A - LOAD TRANSIENT RESPONSE 


FIGURE 28B - LOAD TRANSIENT RESPONSE 
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TYPICAL NPN CURRENT BOOST CONNECTIONS 


FIGURE 29A - 5 VOLT 5-AMPERE REGULATOR 



FIGURE 29B - 5-VOLT 5-AMPERE REGULATOR 




NPN CURRENT BOOSTING 

For applications requiring more than 500 mA,of load 
current, or for minimizing voltage variations due to tem¬ 
perature changes in the IC regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 3 or 29 are recommended. The tran¬ 
sistor shown in Figure 29A, the 2N3055 can supply 
currents to 5.0 amperes (subject, of course, to the safe 
area limitations). To improve the efficiency of the NPN 


boost configuration, particularly for small output 
voltages, the circuit of Figure 29 is recommended. An 
auxiliary 9.5-volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second 
supply of lower voltage. For the 5.0 ampere regulator of 
Figure 29 this represents a savings of 17.5 watts when 
compared with operating the regulator from the single 9.5 
V supply. It can supply current to 5.0 amperes while 
requiring an input voltage to the collector of the pass 
transistor of 6.0 volts minimum. The pass transistor is 
limited to 5.0 amperes by the added short-circuit current 
network in its emitter (Rsc), (Figure 29B), 

PNP CURRENT BOOSTING 

A typical PNP current boost circuit is shown in Figure 
30. Voltages from 2.5 Vdc to 37 Vdc and currents of 
many amperes can be obtained with this circuit. 

Since the PNP transistor must not he turned on by the 
MCI 569 bias current (Iib) the resistor Rjn must meet the 
following condition 

O < Zbe 

ijg 

where Vbe is the base-to-emitter voltage required to turn 
on the PNP pass transistor, (typically 0.6 Vdc for silicon 
and 0.2 Vdc for germanium). 

For germanium pass transistors, a silicon diode may be 
placed in series with the emitter to provide an additional 
voltage drop. This allows a larger value of Rjn than would 
be possible if the diode were omitted. The diode will, 
however, be required to carry the maximum load current. 

SELF-OSCILLATING SWITCHING 
REGULATOR 

In all of the current boosting circuits shown thus far it 
has been assumed that the input-output voltage differen¬ 
tial can be minimized to obtain maximum efficiency in 
both the external pass element as well as the MC1569. 
This may not be possible in applications where only a 
single supply voltage is available and high current levels 
preclude zener diode pre-regulating approaches. In such 
applications a switching-mode voltage regulator is highly 
desirable since the pass device is either ON or OFF. The 
theoretical efficiency of an ideal switching regulator is 
100%. Realizable efficiencies of 90% are within the realm 
of possibility thus obviating the need for large power dis¬ 
sipating components. The output voltage will contain a 
ripple component; however, this can be made quite small 
if the switching frequency is made relatively high so filter¬ 
ing techniques are effective.. Figure 31 shows a functional 
diagram for a self-oscillating voltage regulator. The 
comparator-driver will sense the voltage across the induc¬ 
tor, this voltage being related to the load current, II, by 
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For a first approximation this can be assumed to be a 
linear relationship. 

Initially, Vq will be low and Q1 will be ON. The volt¬ 
age at the non-inverting input will approach /3i Vjn, when: 


/3,V 


IMn 


^ref^a , ^c^b 


R„ + Rl 



When this output voltage is reached the comparator will 
switch, turning Q1 OFF. The diode, CRl, will now become 
forward biased and will supply a path for the inductor cur¬ 
rent. This current and the sense voltage will start to de¬ 
crease until the output voltage reaches 




^ref^a 


where the comparator will again switch turning Q1 ON, 
and the cycle repeats. Thus the output voltage is approxi¬ 
mately Vref plus a ripple component. 

The frequency of oscillation can be shown to be 


Vq (Vin-Vo) 
LVc I(max)- Iq) 


FIGURE 31 - BASICSELF-OSCILLATING 
SWITCHING REGULATOR 


I; 




where , 

1 (max) = The maximum value of inductor current 
lO = The minimum inductor current. 

Normally this frequency will be in the range of approxi¬ 
mately 2 kHz to 6 kHz. In this range, inductor values can 
be small and are compatible with the switching times of 
the pass transistor and diode. The switching time of the 
comparator is quite fast since positive feedback aids both 
turn-on and turn-off times. The limiting factors are the 
diode and pass transistor rise and-fall times which should 
be quite fast or efficiency will suffer. 

Figure 32 shows a self oscillating switching regulator 
which in many respects is similar to the PNP current boost 
previously discussed. The 6.8 kf2 resistor in conjunction 
With Rl sets the reference voltage, Vref- Q1 and CRl are 
selected for fast switching times as well as ,the necessary 
power dissipation ratings. Since a linear inductor is as¬ 
sumed, the inductor cannot be allowed to saturate at 
maximum load currents and should be chosen accordingly. 
If core saturation does occur, peak transistor and diode 
currents will be large and power dissipation will increase. 


Vo 



FIGURE 32 - MC1S69 SELF-OSCILLATING 
SWITCHING REGULATOR 

Rc 
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As a design center is required for a practical circuit, 
assume the following requirements: 

Vjj, = +28 Volts 

Vq = + 10 Volts 

AVo = 50 mV 

• fS5 kHz 


speed. When the output stage of the error amplifier 
approaches saturation, CR2 becomes forward biased and 
clamps the error amplifier. Resistor Rc should be selected 
to supply a total of 1 mAdc to CR2 and CR3. 

To show correlation between the predicted and tested 
specifications the following data was obtained; 

Vjj^ =+28 (±1%) Volts 

Vo = +10 Volts 


l(max)= 1.125 A 


AVo = 60 mV 


IO=l A 


f=7kHz 


Hb 


( 2 ) 


Using Equation (1), the inductor value can be found: 


(28-10) 10 
2(1.125-1)28 

«7mH. 


(5 X 102) 


@Il=1A 

which checks quite well with the predicted values. Rb 
can be adjusted, to minimize the ripple component as well 
as to trim the operating frequency. Also this frequency 
will change with varying loads as is normal with this type 
of circuit. Pin 2 can still be used for shut-down if so 
desired. Rgc should be set such that the ratio of load cur¬ 
rent to base drive current is 10:1 in this case Ij <=» 100 mA 
and Rsc = 6.5SI. 


For the test circuit, a value of 6 mH was selected. Using 
for a first approximation 


POSITIVE AND NEGATIVE POWER 
SUPPLIES 


Co = 


(Vin-VoXVo) 

8L f2 Vin (AV) 


^_ (28 - 10)10 

8(7 X 10“^)(5 X 102)2(28)(50x 10“^) 

^95 mF. 

As shown, a value of 100 nF was selected. Since little cur¬ 
rent is required at pin 6, Ra can be large. Assume Ra = 
47 kS2 and then use Equation (2) to determine Rb: 




Rb=f 50~85S2. 


Since the internal impedance presented by pin 9 is on 
the order of 60J2, a value of Rb = 10J2 is adequate. 

Diodes CR2, CR3, and Rc may be added to prevent 
saturation of the error amplifier to increase switching 


If the MCI569 is driven from a floating source it is 
possible to use it as a negative regulator by grounding the 
positive output terminal. The MCI569 may also be used 
with the MCI563 to provide completely independent posi¬ 
tive and negative voltage regulators with comparable 
performance. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simul¬ 
taneously, and variations in the magnitudes of the two 
voltages track. Figures 1 and 33 illustrate this approach. 
In this application, the MC1563 is used as the reference 
regulator, establishing the negative output voltage. The 
MC1569 posifive regulator is used in a tracking mode by 
grounding one side of the differential amplifier (pin 6 of 
the MCI569) and using the other side (pin 5 of the 
MCI569) to sense the voltage developed at the junction of 
the two 3-k ohm resistors. This differential amplifier 
controls the MCI 569 series pass transistor such that the 
voltage at pin 5 will be zero. When the voltage at pin 5 

equals zero,+Vo must equal I-VqI- 

For the configuration shown in Figure 33, the level 
shift amplifier in the MC1569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-^pere 
capability by Q1 and Q2. (The +5-volt supply, as shown, 
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is not short-circuit protected.) The —15-volt supply 
varies less than 0.1 mV over a zero to —300 mAdc current 
range and the +15-volt supply tracks this variation. The 
+15-volt supply varies 20 mV over the zero to +300 mAdc 
load current range. The +5-volt supply varies less than 
5 mV for 0 < II < 200 mA with the other two voltages re¬ 
maining unchanged. See page 19 for additional information. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MCI 569 is provided for the express pur¬ 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of an 
NPN transistor; which, if turned “ON”, will turn the 
zener “OFF” and deny current to all the biasing current 
sources. This action causes the output to go to essentially 


zero volts and the only current drawn by the IC regulator 
will be the small start current through the 60-k-ohm start 
resistor (Vin/60 kS2). This feature provides additional 
versatility in the applications of the MC1569. Various sub¬ 
systems may be placed in a “standby” mode to conserve 
power until actually needed. Or the power may be turned 
“OFF” in response to other occurrences such as over¬ 
heating, over-voltage, shorted output,etc. 

To activate shutdown, one simply applies a potential 
greater than two diode drops with a current capability of 
1 mA. Note that if a hard supply (i.e., +3 V) is applied 
directly to pin 2, the shutdown circuitry will be destroyed 
since there is no inherent current limiting. Maximum 
rating for the drive current into pin 2 is 10 mA, while 
1 mA is adequate for shutdown. 


FIGURE 33 - A ±15 Vdc COMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 
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FIGURE 34 - ELECTRONIC SHUT-DOWN USING A MDTL GATE 



(DUAL MDTL GATE) 


FIGURE 35 - AUTOMATIC LATCH INTO SHUT-DOWN WHEN 
OUTPUT IS SHORT-CIRCUITED WITH MANUAL RE-START 


,Rsc ■►Vo 



FIGURE 36 - VOLTAGE BOOSTING CIRCUIT 



Figure 34 shows how the regulator can be controlled 
by a logic gate. Here, it is assumed that the regulator 
operates in its'normal mode - as a positive regulator 
referenced to ground — and that the logic gate is of the 
saturating type, operating frOm a positive supply to 
ground. The high logic level should be greater than about 
1.5 V and should source no more than 10 mA into pin 2. 

The gate shown is of the MDTL type. MRTL and 
MTTL can also be used as long as the drive current is 
within safe limits (this is important when using MTTL, 
where the output stage uses an active pull-up). 

In some cases a regulator can be designed which can 
handle the power dissipation resulting from normal opera¬ 
tion but cannot safely dissipate the power resulting from a 
sustained short-circuit. The circuit of Figure 35 solves 
this problem by shutting down the regulator when the 
output is short-circuited. 

VOLTAGE BOOSTING 

The MCI569 has a maximum output voltage capability 
of 37 volts which covers the bulk of the user requirements. 
However, it is possible to obtain higher output voltages. 
One such voltage boosting circuit is shown in Figure 36. 

Since high voltage NPN silicon devices are readily 
available, the only problem is the voltage limitations of the 
MCI569. This can be overcome by using voltage shift 
techniques to limit the voltage to 35 volts across the 
MCI569 while referencing to a higher output voltage. 

The zener diode in the base lead of the NPN device is 
used to shift the output voltage of the MCI569 by ap¬ 
proximately 75 volts to the desired high voltage level, in 
this case 100 volts. Another voltage shift is accomplished 
by the resistor divider on the output to accommodate the 
required 25 volt reference to the MCI569. The 2 kfl 
resistor is used to bias the zener diode so the current 
through the 4.7 kJ2 resistor can be controlled by the 
MC1569. The 1N4001 diode protects the MC1569 from 
supplying load current under short circuit conditions and 
Q2 serves to limit base current to Ql. For Rjc as shown, 
the short circuit current will be approximately 100 mA. 

In order to use a single supply voltage, Vin(2) can be 
derived from Vin(l) with a zener diode, shunt pre¬ 
regulator. 

It can be seen that loop gain has been reduced by the 
resistor divider and hence the closed loop bandwidth will 
be less. This of course will result in a more stable system, 
but regulator performance is degraded to some degree. 


REMOTE SENSING 

The MCI 569 offers a remote sensing capability. This 
is important when the load is remote from the regulator. 
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as the resistance of the interconnecting lines (Vq and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 37 shows how remote sensing is accom¬ 
plished using both a separate sense line from pin 8 and a 
separate ground line from the regulator to the remote 
load. 

AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE 
REFERENCE SOURCE. 

The MCI569, when used in conjunction with low TC 
resistors, makes an excellent reference-voltage genera¬ 
tor. If the 3.5 volt reference voltage of the IC regulator is 
a satisfactory value, then pins 8 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 


reference having a typical temperature coefficient of 
0.002%/®C. By adding two resistors, R1 and R2, any 
voltage between 3.5 Vdc and 37 Vdc can be obtained 
with the same low TC (see Figure 38). 

THERMAL SHUTDOWN 

By setting a fixed voltage at pin 2, the MCI569 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the 1C regulator. This is 
based on the negative temperature coefficient of the base- 
emitter junction of the shutdown transistor and the diode 
in series with pin 2 (-3.4 x 10“3v/oc). By setting 1.0 
Vdc externally at pin 2, the regulator will shutdown when 
the chip temperature reaches approximately +140°C. Fig¬ 
ure 39 shows a circuit that uses a zero-TC zener diode and 
a resistive divider to obtain this voltage. 


FIGURE 37 - REMOTE SENSING CIRCUIT FIGURE 38 - AN ADJUSTABLE "ZERO-TC" VOLTAGE SOURCE 




FIGURE 39 - JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT 
FIGURE 39A - USING A ZERO TC REFERENCE FIGURE 39B - USING A T^ REFERENCE 
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FIGURE 40 - THERMAL SHUTDOWN WHEN USING 
EXTERNAL PASS TRANSISTORS 


FIGURE 41 - DC SAFE OPERATING 
AREA 




In the case where an external pass transistor is em¬ 
ployed, its temperature, rather than that of the IC regu¬ 
lator, requires control. A technique similar to the one just 
discussed can be used by directly monitoring the case 
temperature of the pass transistor as is indicated in Fig¬ 
ure 40. The case of the normally “OFF” thermal moni¬ 
toring transistor, Q2, should be in thermal contact with, 
but electrically isolated from, the case of the boost tran¬ 
sistor, Q1. 

THERMAL CONSIDERATIONS 

Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 
the designer must use caution not to exceed the specified 
maximum junction temperature (+150°C). Exceeding 
this limit will reduce reliability at an exponential rate. 
Good heatsinking not only reduces the junction tempera¬ 
ture for a given power dissipation; it also tends to improve 
the dc stability of the output voltage by reducing the 
junction temperature change resulting from a change in the 
power dissipation of the IC regulator. By using the de¬ 
rating factors or thermal resistance values given in the 
Maximum Ratings Table of this data sheet, junction tem¬ 
perature can be computed for any given application in 
the same manner as for a power transistor*. A short- 
circuit on the output terminal can produce a “worst-case” 
thermal condition especially if the maximum input voltage 
is applied simultaneously with the maximum value of 
short-circuit load current. Care should be taken not to 

*For more detailed information of methods.used to com¬ 
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semiconductors. 


exceed the maximum junction temperature rating during 
this fault condition and, in addition, the dc safe operating 
area limit (see Figure 41). 

Thermal characteristics for a voltage regulator are use¬ 
ful in predicting performance since dc load and line 
regulation are affected by changes in junction temperature. 
These temperature changes can result from either a change 
in the ambient temperature, TA.or a change in the power 
dissipated in the IC regulator. The effects of ambient tem¬ 
perature change on the dc output voltage can be esti¬ 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as ±0.002%/®C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current, three effects must be considered: 

1. junction temperature change due to the change in 
the power dissipation 

2. output voltage decrease due to the finite output 
impedance of the control amplifier 

3. thermal gradient on the IC chip. 

A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
“gradient coefficient,” GCVq, can be used to describe this 
effect and is typically —0.06%/watt for the MCI569. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 

Given MC1569 
with V-jj = 10 Vdc 
Vo - 5 Vdc 
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and Ij^ = 100 mA to 200 mA 
(AIl= 100 mA) 
assume Ta = +25°C 

TO-66 Case with heatsink 
assume = 0.2°C/W 

and = l^C/W 

djc = 7.15°C/W (from maximum ratings 
table) 

It is desired to find the AVq which results from this AIl. 
Each of the three previously stated effects on Vq can now 
be separately considered. 

1. AVq due to ATj 

AVq = (Vo)(APd)(TCVo)(6>jc+ + Osa) 

OR 

AVo = (5V)(5 V X 0.1 A)(±0.002%/°C)(9.35°C/W) 
AVq ^ ±0.5 mV 


2. AVq due to Zq 

lAVol = (-ZoXIl) 

IAVqI =-(2 x'lO-2)(10-1) =-2 mV 

3. AVq due to gradient coefficient, GCVq / 

|AVoI = (GCVo)(Vo)(APd) 

JAVol = (-6 X 10-4/W)(5 volts)(5 x IQ-^W) 

|AVol = -1.6mV 

Therefore the total AVq is given by 

lAVo total! = ±0.5 - 2.0 -1.6 mV 
OR 

—4.1 mV < [Vo total j < — 3.1 mV 

Other operating conditions may be substituted and com¬ 
puted in a similar manner to evaluate the relative effects 
of the parameters. 


4 


TYPICAL PRINTED CIRCUIT BOARD LAYOUT 
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FIGURE 43 - CIRCUIT SCHEMATIC FOR PRINTED CIRCUIT BOARD (Pg. 17) 
3.5 V<Vo< 37 V, 1 mA< It <500 mA 


FIGURE 42 - LOCATION OF COMPONENTS 


Q1 

Q2 

HS 


0.01 mF 


PIN 2 


*C| not shown 


Select R1 to give desired Vq: R1»(2 Vg -2) kn 


R2 = 6.8 k 


X| - May be required if long input leads are used. 
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PARTS LIST 


Component 

Value 

Description 

R1 

R2 

Select 

6^8 k 

1/4 or 1/2 watt carbon 

*Ra 

Selept 

IRC Model X-201 Mallory Model MTC-1 
or equivalent 

Rsc 

Select 

1 /2 watt carbon 

*Rl 

Select 

For minimum current of 1 mAdc 

Co 

TOjUF 

Sprague 15(X) Series, Qickspn D10C series 
or equivalent 

Cn 

Cc 

*Ci 

0.1 (IP ) 
d.OpI HP > 

0.01 jUF ) 

Ceramic Disc — Centralab DDA104, 

Sprague TG-P10, or equivalent 

Q1 

Q2 

iyiC1569R or MC1469R 

2N5223, 2N706, dr equivalent 


fHS 

- 

Heatsink Therrnalloy #61688 

'Socket 

(Not Shown) 

Robinson Nugent #0001306 

Electronic Molding Corp. #6341-210-1, 
6348-188-1,6349:188-1 

PC Board 

'Optional 


Circuit Dot, 1 nc. #PC1113 

1155 W. 23rd St', Tempe, Ariz. 85281 


LATCH-UP 

Latch-up of these and other regulators can occur if: 

1. There are plus and minus voltages available 

2. A load exists betwisen Vq'*' and Vo“ (This "common load" may be something inconspicuous 
— e.g. an operational amplifier. Nearly everyone who uses + and — voltages will have a 
common load from V^c w VgE.) 

3. Vjn+ and Vfr," are not applied at the same time. 

The above conditions result in one of the two outputs becoming reverse-biased which prevents the 
regulator from turning ON . Latch-up can be prevented by the circuit configurations shown in 
Figures 44 and 45. 

FIGURE-44 



Note; This configuration increases minimum 
input^utput differential voltage by 0.7 V. 


FIGURE - 45 






MC1723 

MC1723C 


MONOLITHIC VOLTAGE REGULATOR 

The MCI723 is a positive or negative voltage regulator designed 
to deliver load current to 150 mAdc. Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. MCI723 is specified for operation over the military 
temperature range {-55°C to +125°C) and the MC1723C over the 
commercial temperature range (0 to +70°C) 

• Output Voltage Adjustable from 2 Vdc to 37 Vdc 

• Output Current to 150 mAdc Without External Pass Transistors 

• 0.01% Line and 0.03% Load Regulation 

• Adjustable Short-Circuit Protection 


FIGURE 2 - TYPICAL CIRCUIT CONNECTION 


(12)8 


6(10) 

(11)7 




MC1723 

1(3) 

,(8)4 

(MC1723C) 

2 (4)^ 

(5)3 

s Cfef 

L 1 ' 

9 (13) 




For best results 10 k < R2 < 100 k 
For minimum drift R3 = R1HR2 



VOLTAGE REGULATOR 

SILICON 
MONOLITHIC 
INTEGRATED CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 646 


(bottom view)_L 

G SUFFIX ^ 
METAL PACKAGE 
CASE 603C 
(T0-100 Type) 




LSUFFIX 

CERAMIC PACKAGE 
CASE 632 
(TO-116) 


ORDERING INFORMATION 


_ 




FIGURE 3 - TYPICAL NPN CURRENT BOOST CONNECTION 


j Vo = +I5V(ic 
Ij. = 2 Adc max 
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MAXIMUM RATINGS (Ta * ^^•25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Pulse Voltage from Vcc to Vgg (50 ms) 

'^in(p) 

50 

Vpeak 

Continuous Voltage from Vqc to Vgg 

Vin 

40 

Vdc 

Input-Output Voltage Differential 

0 

> 

1 

c 

> 

40 

Vdc 

Maximum Output Current 

IL 

150 

mAdc 

Current from Vref 

'ref 

15 

mAdc 

Current from V^ 

'z 

25 

mA 

Voltage Between Non-Inverting Input and Vee 

Vie 

8.0 

Vdc 

Differential Input Voltage 

Vid 

±5.0 

Vdc 

Power Dissipation and Thermal Characteristics 




Plastic Package 




Ta = + 25 OC 

Pd 

1.25 

W 

Derate above T/:^ = +25°C 

1 /ejA 

10 

mW/°0 

Thermal Resistance, Junction to Air 

0JA 

100 

OC/W 

Metal Package 




Ta = +25°C 

Pd 

1.0 

Watt 

Derate above Ta =+25°C 

l/^JA 

6.6 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

150 

°C/W 

Tc = +25°C 

Pd 

2.1 

Watts 

Derate above Ta =+25°C 

1/0JA 

14 

mW/°C 

Thermal Resistance, Junction to Case 

®JC 

35 

°C/W 

Dual In-Line Ceramic Package 

Pd 

1.5 

Watt 

Derate above Ta = +25°C 

1/0 JA 

10 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

100 

°C/W 

Operating and Storage Junction Temperature Range 



Oc 

Metal Package 


-65 to +150 


Dual In-Line Ceramic and Ceramic Flat Packages 


-65 to +175 


Operating Ambient Temperature Range 

Ta 


°C 

MC1723C 


0 to +70 


MC1723 


-55 to+125 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Ta = +250C, Vjn 12 Vdc, Vq = 5.0 Vdc, I u = 1.0 mAdc, Rsc = 
Cl = 100 pF, Cref = 0 and divider impedance as seen by the error amplifier ^ 10 kfJ connected as shown in Figure 1) 


Input Voltage Range 


Output Voltage Range 


Input-Output Voltage Differential 


Reference Voltage 


Standby Current Drain (I l = 0, Vjn = 30 V) 


Output Noise Voltage (f = 100 Hz to 10 kHz) 

, C|-ef = 0 

^ref ~ 5.0 pF 


Average Temperatuce Coefficient of Output 
Voltage (T,ow ® <Ta <Thigh (D) 


Line Regulation 

\ ^'\l2V<Vjn<40V 

(T,ow®<TA<Thigh®) 

12V<Vjn<15V 


Load Regulation (1.0 mA<I l< 50 mA) 
Ta = +25°C 

T|ow®<TA<Thigh® 


Ripple Rejection (f = 50 Hz to 10 kHz) 
^ref ~ 0 
Cref = 5.0 pF 


Short Circuit Current Limit (Rsc = 1012, 
Vo=0) 


Long Term Stability 




® T|ow = 0°C for MC1723C 
=-55°C for MC1723 


(D 


Thigh = +70° C for MC1723C 
= +126°CforMC1723 


4-64 






































































































































RELATIVE OUTPUT VOLTAGE (VOLTS) Rejioad. LOAD REGULATION (% Vq) I L(niax) LOAD CURRENT (mA) 


MC1723, MC1723C 


TYPICAL CHARACTERIStiCS 

(Vjn = 12 Vdc, Vq = 5.0 Vdc, II = 1.0 mAdc, Rsc = 0, Ta = +25°C unless otherwise noted.) 


FIGURE 4 - MAXIMUM LOAD CURRENT AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 



0 10 20 30 40 



Vin-VQ, INPUT-OUTPUT VOLTAGE (VOLTS) 


(0, OUTPUT CURRENT (mA) 


FIGURE 6 - LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 



0 5.0 10 15 20 25 30 


FIGURE 7 - LOAD REGULATION CHARACTERISTICS 



0 20 40 60 80 


iQ, OUTPUT-CURRENT (mA) 


lO, OUTPUT CURRENT (mA) 



0 20 40 60 80 100 

lO, OUTPUT CURRENT (mA) 


FIGURE 9 - CURRENT LIMITING CHARACTERISTICS 
AS A FUNCTION OF JUNCTION TEMPERATURE 
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OUTPUT VOLTAGE DEVIATION (mV) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 - LINE REGULATION AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 






■^Vin 
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= +3 V 
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5.0 15 25 35 


FIGURE 11 - LOAD REGULATION AS A FUNCTION 



0 10 20 30 40 SO 


Vin -Vo, INPUT-OUTPUT VOLTAGE (VOLTS) 


Vjn-Vo. input-output VOLTAGE (VOLTS) 


FIGURE 12 - STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE 



10 20 30 40 


Vin, input VOLTAGE (VOLTS) 


FIGURE 13 - LINE TRANSIENT RESPONSE 
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FIGURE 14 - LOAD TRANSIENT RESPONSE 


FIGURE 15 - OUTPUT IMPEDANCE AS 
FUNCTION OF FREQUENCY 
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TYPICAL APPLICATIONS (continued) 

FIGURE 22 - +12 V, l-AMPERE REGULATOR 
USING PNP CURRENT BOOST 

2N3791 



THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation; 

o T^J(max) ~Ta 

^<‘^A) ^ ~^A(T7pr >V|ls- V0l0 

Where: Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. 

Tj(max) ~ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^jAlTyp) = Typical Thermal Resistance Junction to 
' Ambient 

1$ = Total Supply Current 
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SWITCHMODE REGULATOR CONTROL CIRCUIT 

The l\/lC3520/3420 is an inverter control unit which provides all the 
control circuitry for PWM push-pull, bridge and series type switch¬ 
mode power supplies. 

These devices are designed to supply the pulse width modulated 
drive to the base of two external power transistors. Other applica¬ 
tions where these devices can be used are in transformerless voltage 
doublers, transformer coupled dc to dc converters and other power 
control functions. 

The MC3520 is specified over the military operating range of -55°C 
to -H25°C. The IV1C3420 is specified from 0°C to -t-70°C. 

• Includes 100 kHz Symmetrical Oscillator 

• On Chip Pulse Width Modulator, Voltage Reference, 

Dead Time Comparator, and Phase Splitter 

• Output Frequency Adjustable (2 kHz to 100 kHz) 

• Inhibit and Symmetry Correction Inputs Available 

• Controlled Start-Up 

• Frequency and Dead Time are Independently Adjustable 

(0% to 100%) 

• Can be Slaved to Other MC3420's 

• Open Collector Outputs 

• Output Capability 50 mA (Max.) 

• On Chip Protection Against Double Pulsing of Same Output 

During Load Transient Condition 


FIGURE 1-TYPICAL APPLICATION 








































ELECTRICAL CHARACTERISTICS (Vcc “ 15 V, T/^ = 25°C unless otherwise noted.) 


Supply Voltage 


Supply Current 


Output Frequency Range 


Frequency Stability 

>Ta = Thigh to 10<Vcc<30 V) 


Voltage Reference 


Temperature Coefficient of Voltage Reference 
dref = 400pA) 


Output Voltage 
(IqU = +40 mA) 
(Iql ~ ■'■25 mA) 


Output Blocking Voltage 


Oscillator Output Voltage 

dot ~+5 


Temperature Coefficient of Dead Time 


Inhibit l|[, 

(V(l = 0.7 V) 


Inhibit t|h( 

(V|H = 2.4V) 


Minimum Dead Time 


Max 

Unit 

30 

V 



T|ow =-55 C for MC3520 
0°Cfor MC3420 


igh = +125 C for MC3520 
+70°C for MC3420 

FIGURE 2-EQUIVALENT CIRCUIT 



GENERAL INFORMATION 

Tlie internal block diagram of the MC3420 is shown in 
Figure 2, and consists of the following sections; 

Voltage Reference 

A stable reference voltage is generated by the MC3420 
primarily for internal use. However, it is also available 
externally at Pin 9 (Vref) for use in setting the dead 
time (Pin 7) and for use as a reference for the external 
control loop error amplifiers. 


Ramp Generator 

The ramp generator section produces a symmetrical 
triangular waveform ramping between 2.0 V and 6.0 V, 
with frequency determined by an external resistor (Rext) 
and capacitor (Cext) from Pins 1 and 2, respectively, 
to ground, 

PWM Comparator 

The output of the ramp generator at pin 8 is normally 
connected to Pin 5, RAMP IN. The PWM (pulse width 
modulation) comparator compares the voltage at Pin 6 


MOTOROLA Semiconductor Rroducts InC. 
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(Vcontroi) the ranrip generator output. The level of 
^control determines the outputs' pulse width or duty 
cycle. The duty cycle of each output can vary, exclu¬ 
sive of dead time, from 50% (when Vcontrol 's at 
approximately 2.0 V) to 0% (Vcontrol approximately 
6.0 V). 

Dead Time Comparator 

An additional comparator has been included in l\/IC3420 
to allow independent adjustment of system dead time or 
maximum duty cycle. By dividing down V^^f at Pin 9 
with a resistive divider or potentiometer, and applying 
this voltage to Pin 7, a stable dead time is obtained for 
prevention of inverter switching transistor cross conduc¬ 
tion at high duty cycles due to storage time delays. 


Phase Splitter 

A phase splitter is included to obtain two 180° out of 
phase outputs for use in multiple transistor inverter 
systems. It consists of a toggle flip-flop whose clock 
signal is derived by "ANDing" the output of the PWM 
comparator and a signal from the ramp generator section. 
This "AND" gate ensures that the outputs truly alternate 
under control loop transient conditions. Better under¬ 
standing of this feature and MC3420 operation may be 
gained by studying the circuit waveforms, shown in 
Figure 3. 



FIGURE 3 - INTERNAL WAVEFORMS 


Voltage at 
V Control 
Voltage at 
Dead Time - 
Adjust 


o'>VX 



« /C iP 


'S' 


Normal Steady State * 

Operation (Constant I 

Input Voltage 8i Load) I 


O/ ‘High Level Corresponds to 
Output Transistor 
Saturation 


Illustration of 
Prevention of "Double- 
Pulsed” Outputs During 
Transient Conditions 
By Use of AND Gate 
At F/F Clock Input 
(Transient Output Load) 


I Max. Duty Cycle 
I (Limited By 
I Dead Time Setting) 

I (Low Input 
I Voltage and/or 

Heavy Output Load) 


Ramp In. Ramp Out Tied Together (Pins 8 iSi 5) 

PWM Out, Output 2 Inhibit Tied Together (Pins 4 Si 16) 
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Outputs 

The outputs of the l\/IC3420 are open collector transistors 
capable of sinking up to 50 mA and blocking up to 40 
V. They may be wire-ORed for operation in single transis¬ 
tor inverter systems. 

Symmetry Correction Input 

In some PWM inverter/converter configurations it may 
be desirable that one output's duty cycle be controlled 
independently of the other's for implementation of a 
system symmetry correcting control loop. In these cases, 
independent control of output 2 (Pin 13) pulse width 
may be obtained by using the symmetry correction 
input (Pin 16). 

Normally, Pin 16 is connected to Pin 4 (PWM OUT) and 
output 2's duty cycle is controlled by the PWM com¬ 
parator, as is output Ts duty cycle. However, by not 


making this connection and driving Pin 16 externally, 
independent control of output 2's duty cycle from 0% 
to 50% (exclusive of dead time) can be obtained. Output 
2 will be on (saturated) during its allowable conduction 
period if Pin 16 is at or above 2.4 V and will turn off 
when f*in 16 is at 0.7 V or less (TTL compatible). 

Inhibit 

An inhibit function is also ingluded in the MC3420. 
When Pin 15 is held at 0.7 V or less, both outputs of the 
MC3420 are forced off (non-conducting). In addition, 
this inhibit function disables an open-collector output, 
OSCILLATOR OUTPUT (Pin 14). This output normally 
switches at the same frequency as Output 1 with a con¬ 
stant 50% duty cycle, ancf can be used to implement 
various system features such as inrush current limiting 
(see Applications Information section). 


APPLICATIONS INFORMATION 

The Voltage Reference 

The temperature coefficient of V^ef has been optimized 
for a 400 /uA (=20 kf2) load. Different loadings of Pin 9 
will result in decreased temperature stability. If increased 
current capability is required, an op amp buffer may be 
used, as shown in Figure 4, to prevent a decrease in V ref’s 
temperature stability. 



Output Frequency 

The values of Rext ^^d Cext for 3 given output frequency, 
fo, can be found from: 



10 k 20 k 

fn'OUTPUT FREQUENCY (Hz) 


^ ; 5.0 kl2 < Rext < 20 kJ2 

Rext Cext 

or from the graph shown in Figure 5. , 

Note that fo refers to the frequency of Output 1 (Pin 
11) or Output 2 (Pin 13). The frequency of the ramp 
generator output waveform at Pin 8 will be twice fo. 


Dead Time 

Figure 6 illustrates how to set or adjust the MC3420 
outputs' dead time or maximum duty cycle. For mini¬ 
mum dead time drift with temperature or supply voltage, 
Vq.t. should be derived from V|-ef as shown. 



Connections to the Pin 

In many systems, it is necessary to make multiple con¬ 
nections to the Vcontrol order to implement 

features in addition to voltage regulation such as current 
limiting, soft start, etc. These can be made by the use of 
a simple "diode-or" connection, as shown in Figure 7. 
This allows whichever control element is seeking the 
lowest PWM duty cycle to dominate. Note that a re¬ 
sistor, R1, whose value is < 50 kO is placed from the 
^control P'*'’ ground. This is necessary to provide a dc 
path for the PWM comparator input bias current under 
all conditions. 

Soft Start 

In most PWM switching supplies, a soft start feature is 
desired to prevent output voltage overshoots and magne- 


MOTOROLA Semiconductor Products Inc. 


4-72 









MC3420, MC3520 



tizing current imbalances in the power transformer 
primary. This feature forces the duty cycle of the 
switching elements to gradually increase from zero to 
their normal operating point during initial system power- 
up or after an inhibit. This feature can be easily imple¬ 
mented with the IV1C3420. One method is shown in 
Figure 8. 



After an inhibit command or during power-up, the volt¬ 
age on R1 and Pin 6 exponentially decays from Vcc 
toward ground with a time constant of R 1C1, allowing a 
gradual increase in duty cycle. Diodes D2 — D4 provide 
a diode-or function at the Vcontrol Pin, while Q1 serves 
to reset the timing capacitor. Cl, when an inhibit com¬ 
mand is received thereby reinitializing the soft-start 
feature. D1 allows Cl to reset when power (Vcc) is 
turned off. 

Inrush Current Limiting 

Since many PWM switching supplies are operated directly 
off the rectified 110 Vac line with capacitive input 
filters, some means of preventing rectifier failure due to 
inrush surge currents is usually necessary. One method 
which can be used is shown in Figure 9. 

In this circuit, a series resistor, Rs, is used to provide 
inrush surge current limiting. After the filter capacitor. 
Cl, is charged, Q1 receives a trigger signal from the con¬ 
trol circuitry through T1 and shorts Rs out of the cir¬ 
cuit, eliminating its otherwise larger power dissipation. 
The trigger signal for Q1 may be derived from either the 
oscillator output (Pin 14) or one of the MC3420's out¬ 
puts. If the oscillator output is used, it will be necessary 



to provide a time delay on the inhibit pin to keep it low_ 
until the input filter capacitor. Cl, has had time to 
charge, whereas the initial portion of the soft start 
timing cycle can be used for this delay if this signal is 
derived from one of the output pins. However, using the 
Oscillator Output Pin does offer the advantage that its 
waveform has a constant 50% duty cycle, independent 
of the outputs' duty cycle which can simplify the design 
of a drive circuit for T1. 

Slaving 

In some applications, as when one PWM inverter/con¬ 
verter is used to feed another, it may be desired that 
their frequencies be synchronized. This can be done 
with multiple MC3420s as shown in Figure 10, By 
omitting their Rext and Cext/ up to two MC3420smay 
be slaved to a master MC3420. 

FIGURE 10 - SLAVING THE MC3420 
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SOLID STATE CURRENT LIMITER 


CURRENT LIMITER WITH 
THERMAL SHUTDOWN 


Intended to protect sensitive circuitry from excessive current flow, 
this current limiter appears as a low impedance path with approxi¬ 
mately 4.5 V drop until a current level of 225 mA is reached. At this 
point, the unit goes into a constant current mode preventing an in¬ 
crease in load current and protecting the load. 

The high power dissipation in this mode causes the MC3422 die 
temperature to increase rapidly and when a temperature of about 
125 C is reached, the device lowers the series current to about 15 
mA to avoid destruction. The MC3422 will automatically reset itself 
to the normal operating mode when the fault condition is removed. 

• Limiting Current — 225 mA Typ 

• Thermal Shutdown 

• Two Leads 

• High Breakdown Voltage — 60 V Min 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


T SUFFIX 

PLASTIC PACKAGE 
CASE 313 


PIN 1. INPUT 
2. OUTPUT 
3- NX. 


Heatsink surface connected to Pin 3. 



FIGURE 1 ^ TYPICAL OPERATING AREA 


RSUFFIX 
METAL PACKAGE 
CASE 80 
TO-66 


■Operating^ 

I Region 

Thermal Shutdown 


PIN 1. INPUT {Base) 

2. OUTPUT (Emitter) 
CASE. OUTPUT 



APPLIED VOLTAGE 


+50 V 
—, Input 


FIGURE 2 - CIRCUIT TO ELIMINATE 
CONTACT BURNING 
DUE TO CONTACT BUNCHING 





ORDERING INFORMATION 


Device 

Temperature 

Range 

Package 

MC3422T 

MC3422R 

0 to +70°C 
Oto +70°C 

Plastic Power 

Metal Power 


This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (Ta = 25 C) 


Rating 


Input Voltage 


Load Current 


Operating Ambient Temperature Range 


Operating Junction Temperature 


Storage Temperature Range 
Plastic Package 
Metal Package 


THERMAL CHARACTERISTICS 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol 


Characteristic 


Limiting Current 
(Vf = 4.8V) 
(Vf = 15VI 


Forward Voltage Drop 
(IL= 1-5 mA) 

(Il = 0.5 mA) 


Output Resistance (Non-Limiting Mode) 
(II = 60 mA to 10 mA) 


Shutdown Current 

(Vf * 60 V) (After Thermal Shutdown) 


Maximum Applied Voltage 


Temperature Coefficient of Forward Voltage 
(lL = 10mA) 


Temperature Coefficient of Limiting Current 


Value 


60 


Internally Limited 


0 to +70 


Internally Limited 


-65 to +150 
-65 to -USO 


Characteristic 

Symbol 

Typical 

Thermal Resistance, Junction to Case 

Rfljc 


Metal Package 

7.0 

Plastic Package 


5.0 

Thermal Resistance, Junction to Ambient 

RflJA 


Metal Package 


50 

Plastic Package 


75 





FIGURE 3 - LIMIT REED CONTACT 
PEAK CURRENT 


FIGURE 4-LIMIT LINE LOOP CURRENTS 
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MC7700C 

series 


MC7700C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 

The MC7700C Series positive voltage regulators are identical to 
the popular I\/1C7800C Series devices, except that they are specified 
for only half the output current. Like the MC7800C devices, the 
MC7700C three-terminal regulators are intended for local, on-card 
voltage regulation. 

Internal current limiting, thermal shutdown circuitry and safe- 
area compensation for the internal pass transistor combine to make 
these devices remarkably rugged under most operating conditions. 
Maximum output current, with adequate heatsinking is 750 mA. 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 79 

(TO-220 and Hermetic TO-39) 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


G SUFFIX 

METAL PACKAGE 
CASE 79 
TO-39 



Pin 1. Input 

2. Output 

3. Ground 

Case connected 
to Pin 3. 


TSUFFIX 

PLASTIC PACKAGE 
CASE 313 
(TO-220 Type) 

Pin 1. Input 

2. Ground 

3. Output 


STANDARD APPLICATION 




A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

XX = these two digits of the type number indi¬ 
cate voltage. 

* = Cjp is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Cq improves stability and transient re¬ 
sponse. 


ORDERING INFORMATION 


DEVICE TEMPERATURE RANGE PACKAGE 


MC77XXCG Tj = 0°cto-H5(jpc Metal Can 


MC77XXCT Tj = 0° C to+150°C Plastic Power 


XX indicates nominal voltage 


TYPE NO ./volt AGE 

MC7705C 

5.0 Vbits 

MC7706C 

6.0 Volts 

MC7708C 

8.0 volts 

IVIC7712C 

12 Volts 

MC7715C 

15 Volts 

IVIC7718C 

18 volts 

MC7720C 

20 Volts 

IVIC7724C 

24 Volts 


4-76 


























MC7700C Series 


IVIC7700C Series MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (5.0 V -18 V) 

V| 

35 

Vdc 

(20 V - 24 V) 


40 


Power Dissipation (Package Limitation) 




Plastic Package 




Ta-25°C 

Pd 

Internally Limited 

°C/\A/ 

Derate above Ta = 25°C 

^JA 

70 


Tc = 25°C 

Pd 

Internally Limited . 


Derate above = 110°C 

^JC 

5.0 

°C/W 

Metal Package 




Ta = 25°C 

Pd 

Internally Limited 

°C/W 

Derate above Ta = 25°C 

^JA 

185 


Tc = 25°C 

Pd 

Internally Limited 


Derate above Tc = 85°C 

^JC 

25 

°C/W 

Operating Junction Temperature Range 

Tj 

0 to+125 

°c 

Operating Ambient Temperature Range 

Ta 

0 to +85 

°c 

Storage Temperature Range ^ 

Tstg 



Plastic Package 


—bb to +1 bU 


Metal Package 


-65 to +150 



MC7705C ELECTRICAL CHARACTERISTICS (V| = 10 V, Iq = 250 mA, 0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

CO 

5.0 

5.2 

Vdc 

Line Regulation 

Regiine 





(Tj =+25°C, Iq = 50 mA) 






7.0 Vdc < V| « 25 Vdc 


- 

7,0 

50 

mV 

. 8.0 Vdc < V| 12 Vdc 


- 

2.0 

25 


(Tj = +25°C, Iq = 250 mA) 






7.0 Vdc < V| < 25 Vdc 



35 

100 

mV 

8.0 Vdc < V| < 12 Vdc 


- 

8.0 

50 


Load Regulation 

Hegioad 


. 


mV 

Tj = +25°C, 5.0 mA <lo <750 mA 


- 

,11 

100 


125 mA <lo <375 mA 


- 

4.0 

50 


Output Voltage 

Vo 

4.75 


5.25 

Vdc 

(7.0 Vdc < V| < 20 Vdc, 5.0 mA < Iq < 500 mA, P < Pmax** 






Input Bias Current (Tj = +25^0 

'IB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

AI|B 




mA 

7.0 Vdc < V| < 25 Vdc 


- 

- 

1.3 


5.0 mA <lo <750 mA 


- 

' - . 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

Vn 

- 

40 

- 

mV 

Long-Term Stability 

AVQ/At 

- 

- 

20 

mV/I.Ok Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

70 

- 

dB 

Input-Output Voltage Differential 

V,-Vo 

■■Bull 

2.0 

-■ 

Vdc 

Iq = 500 mA, Tj = +25°C 


iiiiiiim 




Output Resistance (Iq = 250 mA) 

*"0 

- 

30 

- 

mfl 

Short-Circuit Current Limit (Tj = +25°C) 

'sc 

- 

375 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 


-1.0 

- 

mV/°C 

Iq = 5.0 mA, 0°C <Ta < + 125°C 


_ 





*Pmax = 75Wfor Case 313 
Pmax ~ 5.0 W for Case 79 
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MC7700C Series 


MC7706C ELECTRICAL CHARACTERISTICS (V( = T1 V, Iq = 250 mA, 0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25®C) 

Vo 

5.75 

6.0 

6.25 

Vdc 

Line Regulation 

R®9line 





(Tj = + 25 OC, Iq = 50 mA) 






8.0 Vdc < V| < 25 Vdc 


- 

9.0 

60 

mV 

9.0 Vdc < V( < 13 Vdc 


- 

3.0 

30 


(Tj = +25°C. Iq = 250 mA) 






8.0 Vdc < V| < 25 Vdc 


- 

43 

120 

mV 

9.0 Vdc < V| < 13 Vdc 


- 

10 

60 


Load Regulation 

Regioad 




mV 

Tj =+25°C, 5.0 mA < Iq < 750 mA 


- 

13 

120 


125 mA <lo <375 mA 


- 

5.0 

60 


Output Voltage i 

Vo 

5.7 

- 

6.3 

Vdc 

8.0 Vdc < V| < 21 Vdc, 5.0 mA < Iq < 500 mA, P,< Pmax* 






Input Bias Current (Tj = +25°C) 

>IB 


4.3 

8.0 

mA 

Input Bias Current Change 

AI|b 



■IH 

mA 

8.0 Vdc < V| < 25 Vdc 


- 

- 



5.0 mA < Iq < 750 mA 


- 

- 



Output Noise Voltage (Ta = +25°C, 10 Hz <f < IQO kHz) 

Vn 

- 

45 

- 

mV 

Long-Term Stability 

AVq/AX 

- 

- 

24 

mV/I.Ok Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

65 

- 

dB 

Input-Output Voltage Differential 

V|-Vo 

- 

2.0 

- 

Vdc 

IO = 500mA,Tj = +25°C 






Output Resistance (Iq = 250 mA) 

ro 

- 

35 

- 

mfl 

Short-Circuit Current Limit (Tj = +25°C) 

'SC 

- 

275 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0°C <Ta < + 125°C 






MC7708C ELECTRICAL CHARACTERISTICS (V| = 14 V, lo = 

250 mA, 0°C < Tj < ■H25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

7.7 

8.0 

8.3 

Vdc 

Line Regulation 

R®9line 





(Tj = -^25°C, Iq = 50 mA) 






10.5 Vdc < V| < 25 Vdc 


- 

12 

80 

mV 

11 Vdc < V| < 17 Vdc 


- 

5.0 

40 


(Tj = ■t25°C, Iq = 250 mA) 






10.5 Vdc < V| < 25 Vdc 


' - 

50 

160 

mV 

11 Vdc < V| < 17 Vdc 


- 

22 

80 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA < Iq < 750 mA 



26 

16p 


125 mA <Io <375 mA 



9.0 

80 


Output Voltage 

Vo 

7.6 

- 

8.4 

Vdc 

10.5 Vdc < Vi « 23 Vdc, 5-0 mA < Iq < 500 mA, P < Pmax* 






Input Bias Current (Tj = t25°C) 

'IB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

AI|B 

■■■IIIIIB 



mA 

10.5 Vdc < V| « 25 Vdc 



- 

1.0 


5.0 mA ^Iq <750 mA 



- 

0.5 


/ Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

Vn 

- 

52 

- 

mV 

Long-Term Stability 

AVq/AX 

- 

- 

32 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

62 

- . 

dB 

Input-Output Voltage Differential 

V|-Vo 

- 

2.0 

- 

Vdc 

Iq = 500 mA, Tj = +25°C 






Output Resistance (Iq = 250 mA) 

''o 

- 

40 

- 

mfi 

Short-Circuit Current Limit (Tj = ■r25°C) 

'sc 

- 

225 


mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/°C 

Iq = 5.0 mA, 0°C <Ta < + 125°C 







*Pmax = 7.5 W for Case 313 
Pmax ~ 5.0 W for Case 79 
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IVIC7700C Series 


MC7712C ELECTRICAL CHARACTERISTICS (Vi = 19 V, Iq = 250 mA, 0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj =+25°C) 

Vo 

11.5 

12 

12.5 

Vdc 

Line Regulation 

f^69line 





(Tj = +25‘’C, Iq = 50 mA) 






14.5 Vdc < V| < 30 Vdc 


- 

13 

120 

mV 

16 Vdc < V| « 22 Vdc 


- 

6.0 

60 


(Tj = + 25 OC, to = 250 mA) 






14.5 Vdc < V| < 30 Vdc 


- 

55 

240 

mV 

16 Vdc < V| « 22 Vdc 


- 

24 

120 


Load Regulation 

R®9load 




mV 

Tj =+25°C, 5.0 mA < Iq <750 mA 


- 

46 

240 


125 mA <lo <375 mA 


- 

17 

120 


Output Voltage 

Vo 

11.4 

- 

12.6 

Vdc 

14.5 Vdc < V| ^ 27 Vdc, 5.0 mA Iq < 500 mA, P 'S P,Y,ax* 






Input Bias Current (Tj ■“ t25°C) 

•iB 

- 

4.4 

8.0 

mA 

Input Bias Current Change 

-^•iB 

imiiiiiiiiiii 



mA 

14,5 Vdc < V| « 30 Vdc 



' - 

1.0 


5.0 mA <Iq <750 mA 



- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 

Vn 

- 

75 

- 

aV 

Long-Term Stability 

AVo/At 

- 

- 

48 

mV/TOk Hrs 

Ripple Rejection (Iq = 20 mA, f = 1 20 Hz) 

RR 

- 

61 

- 

dB 

Input-Output Voltage Differential 

V|-Vo 

- 

2.0 

- 

Vdc 

Iq = 500 mA, Tj = +25°C 






Output Resistance (Iq = 250 mA) 

•'o 

- 

75 

- 

miZ 

Short-Circuit Current Limit (Tj = +25°C) 

'sc 

- 

175 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/°C 

Iq = 5.0 mA,0°C<TA < + 125°C 






MC7715C ELECTRICAL CHARACTERISTICS (V| = 23 V, Iq 

250 mA, 0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vq 

14.4 

15 

15.6 

Vdc 

Line Regulation '' 

'^^Qline 





(Tj = +25°C, Iq = 50 mA) 






17.5 Vdc « V| < 30 Vdc 


- 

14 

150 

mV 

20 Vdc < V| < 26 Vdc 


- 

6.0 

75 


(Tj = +25°C, Iq = 250 mA) 






17.5 Vdc < V| < 30 Vdc 


- 

57 

300 

mV 

20 Vdc < V| < 26 Vdc 


- 

27 

150 


Load Regulation 

^®9load 

■miiiiiii 



mV 

Tj = -h 25°C, 5.0 mA <lo <750 mA 



68 

300 


125 rPA <lo <375 mA 



25 

150 


Output Voltage 

Vo 

14.25 

- 

15.75 

Vdc 

17.5 Vdc < V| < 30 Vdc, 5.0 mA < Iq < 500 mA, P < Pmax* 






Input Bias Current (Tj = -r25°C) 

'IB 

• - 

4.4 

8.0 

mA 

Input Bias Current Change 

'i^llB 




mA 

17.5 Vdc < V| « 30 Vdc 


- 

- 

1.0 


5.0 mA < Iq ^ 750 mA 


- 

- 

0.5 

- 

Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 

Vn 

- 

90 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

60 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 20 mA,f =120 Hz) 

RR 

- 

60 

- 

dB 

Input-Output Voltage Differential 

V(-Vo 

- 

2.0 

' - 

Vdc 

Iq = 500 mA, Tj = +25°C 






Output Resistance (Iq = 250 mA) 

'"0 

- 

95 

- 

mfZ 

Short-Circuit Current Limit (Tj = +25°C) 

'sc 

- 

115 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0°C <Ta < + 125°C 







'Pfngx * 2.5 W for Case 313 
Rmax “ 5.0 W for Case 79 
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MC7700C Series 


MC7718C ELECTRICAL CHARACTERISTICS (Vi = 27 V, Iq = 250 mA, O^C < Tj < +125®C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

17.3 

18 

18.7 

Vdc 

Line Regulation 

R69line 





(Tj = +25°C, Iq = 50 mA) 






21 Vdc < Vj < 33 Vdc 


- 

25 

180 

mV 

24 Vdc < V| « 30 Vdc 


- 

10 

90 


(Tj = +25°C, Iq = 250 mA) 






21 Vdc < V| s; 33 Vdc ^ 


- 

90 

360 

mV 

24 Vdc « V| < 30 Vdc 


- 

50 

180 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA < Iq <500 mA 


- 

110 

360 


125 mA <1o <375 mA 


- 

55 

180 


Output Voltage , 

Vo 

17.1 

- 

18.9 

Vdc 

21 Vdc « V| <33 Vdc, 5.0 mA < In < 500 mA, P < Pmax* 






Input Bias Current (Tj = +25°C) 

'IB 

- 

4.5 

8.0 

mA 

Input Bias Current Change 

AI|b 




mA 

21 Vdc < V| < 33 Vdc 


- 

- 

1.0 


5.0 mA < Iq <500 mA 


- 


0.5 


Output Noise Voltage (T/l^ = +25°C, 10 Hz < 100 kHz) 

Vn 

- 

110 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

72 

mV/I.OkHrs 

Ripple Rejection (Iq " 20 mA, f = 120 Hz) 

RR 

- 

59 

- 

dB 

Input-Output Voltage Differential 

V|-yo 

- 

2.0 

- 

Vdc 

IO = 500mA,Tj = -f25°C 






Output Resistance (Iq = 250 mA) 

^0 

- 

110 

- 

mn 

Short-Circuit Current Limit (Tj = ■r25°C) 

'sc 

- 

100 

- 

mA 

Average Temperature Coefficient of Output,Voltage 

AVq/AT 

- 

-1.0 

- 

mV/°C 

Iq = 5.0 mA, 0°C <Ta < + 125°C 






IVIC7720C ELECTRICAL CHARACTERISTICS (Vi = 29 V, Iq 

250 mA, QOC < Tj < -H25°C unless otherwise noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

19.2 

20 

20.8 

Vdc 

Line Regulation 

Regiine 





(Tj = -r25°C, Iq = 50 mA) 






23 Vdc < V| < 35 Vdc 


- 

27 

200 

mV 

26 Vdc < V| < 32 Vdc 


- 

11 

100 


(Tj = ■r25°C, Iq = 250 mA) 






23 Vdc < V| <35 Vdc 


- 

100 

400 

mV 

26 Vdc < V| < 32 Vdc 


- 

56 

200 


Load Regulation 

^®9|oad 



■M 

mV 

Tj = +25°C, 5.0 mA < Iq < 500 mA 


- 

123 



125 mA <lo <375-mA 


- 

65 

■B9 


Output Voltage 

Vo 

19 

- 

21 

Vdc 

23 Vdc < V| < 35 Vdc, 5.0 mA < Iq ^ 500 mA, P < Pmax* 






Input Bias Current (Tj = -r25°C) 

l|B 

- 

4,5 • 

8.0 

mA 

Input Bias Current Change 

^'IB 




mA 

23 Vdc < Vi < 35 Vdc 


- 

- 

1.0 


5.0mA<lo<750mA 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

Vn 

- 

130 

- 

mV 

Long-Term Stability \ 

AVo/At 


- 

80 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 


58 

- 

dB 

Input-Output Voltage Differential 

V|-Vo 

- 

2.0 

- ^ 

Vdc 

IO = 500mA,Tj =+25°C 






Output Resistance (Iq = 250 mA) 

'"o 

- 

123 

- 

mfJ 

Short-Circuit Current Limit (Tj = -i-25°C) 

,'sc 

- 

90 


mA 

Average Temperature Coefficient of Output Voltage 

AVo/AT 

- 

-1.0 

- 

mV/Oc 

Iq = 5.0 mA, 0°C <Ta <+125°C 







Pmax = 7.5 W for Case 313 
Pmax = 5.6 W for Case 79 
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MC7700C Series 


MC7724C ELECTRICAL CHARACTERISTICS (V| = 33, Iq = 250 mA, 0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

. Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

23 

24 

25 

Vdc 

Line Regulation 

I3eg|jne 





(Tj = +25°C, Iq = 50 mA) 






27 Vdc < V| < 38 Vdc 


- 

31 

240 

mV 

30 Vdc « V| < 36 Vdc 


- 

14 

120 


(Tj = +25°C, Iq = 250 mA) 






27 Vdc < V| < 38 Vdc 


- 

118 

480 

mV 

30 Vdc < V| < 36 Vdc 


- 

70 

240 


Load Regulation 

Regioad 



■H 

mV 

Tj = +25°C, 5.0 mA <lo <500 mA 


- 

150 



125 mA <lo <375 mA 


- 

85 



Output Voltage 

Vo 

22.8 

- 

25.2 

Vdc 

27 Vdc < V| < 38 Vdc, 5.0 mA < Iq < 500 mA, P < Pmax* 






Input Bias Current (Tj = +25°C) 

'IB 

- 

'4.6 

8.0 

mA 

Input Bias Current Change 

AI|B 




mA 

27 Vdc < V| <38 Vdc 


- 

- 

1.0 


5.0 mA <lo <500 mA 


— ■ 

- 

0.5 


Output Noise Voltage (Ta +25°C, 10 Hz <f <100 kHz) 

Vn 

- 

170 

- 

mV 

Long-Term Stability 

AVo/At 

- 


96 

mV/I.Ok Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

56 

- 

dB 

input-Output Voltage Differential 

. V,-Vo 

- 

2.0 

- 

Vdc 

to = 500 mA, Tj = +25°C 






Output Resistance (Iq = 250 mA) 

•"o 

- 

150 

- 

mn 

Short-Circuit Current Limit (Tj = ■^25°C) 

'sc 

- 

150 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/°C 

Iq = 5.0 mA, 0°C <Ta < + 125°C 







*Pmax = 7.5 W for Case 313 
Pmax ” 5.0 W for Case 79 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


Pd(Ta) = 


“^Jlmax) '*'a 

R6)jA<Typ) 


Ig-Vo Iq 


Where; Pq(j^) = Power Dissipation aliowabie at a given oper¬ 
ating ambient temperature. 

Tj(max) ^ Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

Ta = Maximum Desired Operating Ambient Temperature 
R^jAiTyp) = Typicai Thermai Resistance Junction to Ambient 
Ig = Total Supply Current 


DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation — The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation — The maximum total device dissi¬ 
pation for which the regulator will operate within specifications. 


Input Bias Current — That part of the input current that is not 
delivered to the load. 

Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range. 

Long Term Stability — Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 
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lo, OUTPUT CURRENT {AMPERES! Pp, POWER DISSIPATION (WATTS) 


MC7700C Series 



V| Vo, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


f, FREQUENCY (Hz) 


































APPLICATIONS INFORMATION 


Design Considerations 

The MC7700C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition. Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 tiF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. 


FIGURE 5 - CURRENT REGULATOR 



Constant 
Current to 
Grounded Load 


The MC7700C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7705C is chosen in this application. Resistor R determines 
the current as follows: 

V 

'o = -R " 'Q 

Iq = 1.5 mA over line and load changes 

For example, a 500 mA current source would require R to be a 
10 -ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 



FIGURE 7 - CURRENT BOOST REGULATOR 


FIGURE 8 - SHORT-CIRCUIT PROTECTION 


MJ2955 or Equiv 



XX = 2 digits of type number indicating voltage. 





XX = 2 digits of type number indicating voltage. 


The MC7700C series cpn be current boosted with a PNP transis¬ 
tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the Vgg of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased by 
VgE pass transistor. 


The circuit of Figure 7 can be modified to provide supply protec¬ 
tion against short circuits by adding a short-circuit sense resistor, 
Rsc/and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a two-ampere plastic power tran¬ 
sistor is specified. 













MC7800C 

Series 


MC7800C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 

The MC7800C Series of three-terminal positive voltage regula¬ 
tors are monolithic integrated circuits designed as fixed-voltage regu¬ 
lators for a wide variety of applications including local, on-card 
regulation. Available in seven fixed output voltage options from 5.0- 
to-24 volts, these regulators employ internal current limiting, thermal 
shutdown, and safe area compensation — making them essentially 
blow-out proof. With adequate heatsinking they can deliver output 
currents in excess of 1.0 ampere. The last two digits of the part 
number indicate nominal output voltage. 

• Output Current in Excess of 1.0 Ampere 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 11 

(TO-220 and Hermetic TO-3) 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 



o © 

INPUT UUTPUT 


K SUFFIX 

METAL PACKAGE 
CASE 11-01 

(TO-3 TYPE) 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 

PLASTIC PACKAGE 
CASE 313 
TO-220 Type 



Pin 1. Input 

2. Ground 

3. Output 



STANDARD APPLICATION 



V 



TYPE NO./VOLTAGE 



MC7805C 

5.0 Volts 

MC7808C 8.0 Volts 

IVIC7818C 

18 Volts 

MC7806C 

6.0 Volts 

MC7812C 12 Volts 
MC7815C 15 Volts 

MC7824C 

24 Volts 




A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

XX = these two digits of the type number indi¬ 
cate voltage. 

* = Cjn is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Co is not needed for stability; however, 
it does improve transient response. 

XX indicates nominal voltage 


ORDERING INFORMATION 


DEVICE I TEMPERATURE RANGE PACKAGE 
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MC7800C Series 


MC7800C Series MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (5.0 V - 18 V) ‘ 

Vin 

35 

Vdc 

(24 V) 


40, 


Power Dissipation and Thermal Characteristics 




Plastic. Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above = +25°C 

1/0JA 

15.4 

mW/°C 

Thermal Resistance, Junction to Air 

6JA 

65 

°C/W 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tq = +95°C (See Figure 1) 

1/®JC 

200 

mW/°C' 

Thermal Resistance, Junction to Case 

0JC 

5.0 

°C/W 

Metal Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

l/^JA 

22.5 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

45' 

°C/W 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tc = +65°C (See Figure 2) 

1/9 JC 

182 

mW/°C 

Thermal Resistance, Junction to Case 

9jC 

5.5 

°C/W 

Storage Junction Temperature Range 

Tstg 

—65 to +150 

OC 

Operating Junction Temperature Range 

Tj 

0 to +150 




MC7805C ELECTRICAL CHARACTERISTICS (Vjn - 10 V, Ip = 500 mA, 0°C <Tj <+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

4.8 

5.0 

5.2 , 

Vdc 

Input Regulation 

Regin 




mV 

(Tj = +25°C, Iq = 100 mA) 






7.0 Vdc SVjni25 Vdc 


- 

7.0 

50 


8.0 Vdc ^Vin S12 Vdc 


- 

2.0 

25 


(Tj = +25°C, Iq = 500 mA) 






7.0 Vdc < Vin S 25 Vdc 


- 

35 

100 


8.0Vdc<Vin^12 Vdc 



8.0 

50 


Load Regulation 

RsQload 



_ 

mV 

Tj =+25°C, 5.0 mAS Iq ^ 1.5 A 


- 

11 

100 


250 mA < Iq ^ 750 mA 


- . 

4.0 

50 


Output Voltage 

Vo 




Vdc 

(7.0 Vdc < Vin ^20 Vdc, 5.0 mA < Iq < 10 A, P ^ 15 W) 


4,75 

- 

5.25 


Quiescent Current (Tj = +25°C) 

'b 

- 

4.3 

8.0 

mA 

Quiescent Current Change 

AIb 




mA 

7.0 Vdc ^Vin ^25 Vdc 


- 

- 

1.3 


S.OmASIo ^1.0 A 


- 

, - 

0.5 


Output Noise Voltage (Ta = + 25 OC, 10 Hz Sf :S100 kHz) 

V|M 

- 

40 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

20 


Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

70 

- 

dB 

Input-Output Voltage Differential 

0 

> 

c 

> 




Vdc 

do = 1.0 A, Tj =+25°C) 


- 

2.0 

- 


Output Resistance (Iq = 500 mA) 

RO 

_ 

30 

_ 

mn 

Short-Circuit Current Limit (Tj = +25°C) 

•sc 

- 

750 


- mA 

Average Temperature Coefficient of Output Voltage 

TCVo 




mV/Oc 

Iq = 5.0 mA, 0°C <Ta5: + 125°C 


- 

-1.0 

- 
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MC7800C Series 


MC7806C ELECTRICAL CHARACTERISTICS (Vj^ = 11 V, Iq “ 500 mA, 0°C <Tj <+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

5.75 

6.0 

6.25 

Vdc 

Input Regulation 

Regin 




mV 

(Tj = + 25 OC, Iq = 100 mA) 






S.OVdcSVjn ^25 Vdc 


- 

9.0 

60 


g.OVdc ^Vjn ^13 Vdc 


- 

3.0 

30 


(Tj =+25°C, Iq = 500 mA) 






8.0Vdc< Vin<25 Vdc 


- 

43 

120 


9.0Vdc<V|n< 13 Vdc 


- 

10 

60 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA < Iq <; 1.5 A 


- 

13 

120 


250 mA < Iq < 750 mA 


- 

5.0 

60 


Output Voltage 

Vo 




Vdc 

(8.0 Vdc < Vjn< 21 Vdc, 5.0 mA < Iq < 1.0 A, P < 15 W) 


5.7 

- 

6.3 


Quiescent Current (Tj = +25°C) 

'b 

- 

4.3 

8.0 

mA 

Quiescent Current Change 

AIb 




mA 

8.0 Vdc<V|n<25 Vdc 


- 

- 

1.3 


5.0mA<lo< 1-0 A 


- 

- 

0.5 


Output Noise Voltage (T;\ = +25°C, 10 Hz< f <100 kHz) 

Vn 

- 

45 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

24 

mV/1.0 k HRS 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

65 

- 

d6 

Input-Output Voltage Differential 

0 

> 

c 

> 




Vdc 

do = 1.0 A, Tj = ■r250C) 


- 

2.0 

- 


Output Resistance (Iq = 500 mA) 

Ro 

- 

35 

- 

mij 

Short-Circuit Current Limit (Tj = +25°C) 

•sc 


550 

- 

mA 

Average Temperature Coefficient of Output Voltage 

TCVo 




mV/°C 

Iq =5.0 mA, 0°C <Ta< + 125°C 


- 

-1.0 

- 



MC7808C ELECTRICAL CHARACTERISTICS (Vjp = 14 V, Iq = 500 mA, 0°C <Tj <+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj =-^25°C) 

Vo 

7.7 

8.0 

8.3 

Vdc 

Input Regulation 

Regin 




mV 

(Tj = +25°C, Iq = 100 mA) 






10.5 Vdc < V|n < 25 Vdc 


- 

12 

80 


11 Vdc < Vjn < 17 Vdc 


- 

5.0 

40 


(Tj = -^25°C, Iq = 500 mA) 






10.5 Vdc Vjn 25 Vdc 


- 

50 

160 


11 Vdc <Vjn <17 Vdc 


- 

22 

80 


Load Regulation 

Regioad 

■miiiiii 



mV 

Tj =-I-25°C, 5.0 mA< Iq <1.5 A 



26 

160 


250 mA < Iq < 750 mA 



9.0 

• 80 


Output Voltage 

Vo 




Vdc 

(10.5 Vdc <Vin ^ 23 Vdc, 5.0 mA < Iq < 10 A, P <15 W) 


7.6 

- 

8.4 


Quiescent Current (Tj =-i-25°C) 

•b 

- 

4.3 

8.0 

mA 

Quiescent Current Change 

AIb 




mA 

10.5Vdc < Vin< 25 Vdc 


- 

- 

1.0 


5.0 mA<lo-^ 1.0 A 



- 

0.5 


Output Noise Voltage (T^ = +25°C, 10 Hz <f ilOO kHz) 

Vn 

- 

52 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

32 

mV/I.OkHRS 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

62 

- 

dB 

Input-Output Voltage Differential 

Vin-Vo 




Vdc 

do = 1.0 A, Tj =- 1-2500 


- 

2.0 

- 


Output Resistance (Iq = 500 mA) 

Ro 

- 

40 

- 

mn 

Short-Circuit Current Limit (Tj = -t-250C) 

'sc 

- 

450 

- 

mA 

Average Temperature Coefficient of Output Voltage 

TCVo 




mV/°C 

Iq =5.0 mA, 0°C<Ta< + 125°C 



-1.0 

- 



































































































































IVIC780dC Series 


MC7812C ELECTRICAL CHARACTEEiiSTICS (Vjf, = 19 V, Iq = 500 mA, 0°C <Tj < +125°C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

11.5 

12 

12.5 

Vdc 

Input Regulation 

msM 




mV 

(Tj =+250C, Iq = 100 mA) 






14.5 Vdc ^Vin ^ 30 Vdc 



13 

120 


16 Vdc SVjn^22 Vdc 



6.0 

60 


(Tj = +25°C, Iq = 500 mA) 






14.5 Vdc^VinS30 Vdc 



55 

240 


16 Vdc SVin<:22 Vdc 

■■1 


24 

120 


Load Regulatiori 

Regioad 




mV 

Tj = +25OC, 5.0 mA <: Iq ^ 1.5 A 


- 

46 

240 


250 mA ^ Iq ^750 mA 


- 

17 

120 


Output Voltage 

Vo 




Vdc 

(14.5 Vdc ^Vin ^27 Vdc, 5.0 mA S Iq ^1.0 A, P <15 W) 


11.4 

- 

12.6 


Quiescent Current (Tj = +25°C) 

•b 

- 

4.4 

8.0 

mA 

Quiescent Current Change 

Alg 




mA 

14.5 Vdc ^Vjn ^30 Vdc 



- 

1.0 


5.0 mAS to ^1.0 A 



- 

0.5 


Output Noise Voltage (T/^ = +25°C, 10 Hz ^lOO kHz) 

Vn 

- 

75 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

48 

mV/I.OkHRS 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

61 

- 

dB 

Input-Output Voltage Differential 

O 

> 

1 

c 

> 




Vdc 

(Iq = 1.0 A, Tj =+25^0 


- 

2.0 

- 


Output Resistance (Iq = 500 mA) 

RO 

- 

75 

- 

mfl 

Short-Circuit Current Limit (Tj = +25®C) 

•sc 

- 

350 

- 

mA 

Average Temperature Coefficient of Output Voltage 





mV/°C 

do = 5.0 mA, O^C 5 Ta ^+125®C) 

■■■ 

- 

-1.0 

- 



MC7815C ELECTRICAL CHARACTERISTICS (Vjn = 23 V, Iq = 500 mA, 0°C <Tj <+125®C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vq 

14.4 

15 

15.6 

Vdc 

Input Regulation 

ReSin 




mV 

(Tj = +25°C, lo.= 100 mA) 






17,5 Vdc ^Vjn<30 Vdc 


- 

14 

150 


20 Vdc<Vjn <26 Vdc 


_ 

6.0 

75 


(Tj = +25°C, lo = 500 mA) 






17.5 Vdc:<VjnS30 Vdc 


- 

57 

300 


2bVdc ^VjnS26 Vdc 


- 

27 

150 


Load Regulation 

R®9| oad 




mV 

Tj = +25°C, 5.0 mA <lo <1.5 A 


- 

68 

300 


250 mA^IO^ 750 mA 


- 

25 

150 


Output Voltage 

Vo 




Vdc 

(17.5 VdcSVin<30Vdc, 5.0 mA < Iq < 1.0 A, P < 15 W) 


14.25 

- 

15.75 


Quiescent Current (Tj =+25°C) 

'b 

- 

4.4 

8.0 

mA 

Quiescent Current Change 

Alg 




mA 

17.5 Vdc ^Vin ^30 Vdc 


- 

- 

1.0 


5.0mA^IO ^1.0 A 


- 

- 

0.5 


Output Noise Voltage (Ta =+25°C, 10 Hz Sf ^ 100 kHz) 

Vn 

- 

90 

- 

''V 

Long-Term Stability 

AVo/At 

- 

- 

60 

mV/1 .Ok HRS 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

60 

- 

dB 

Input-Output Voltage Differential 

Vin-Vo 




Vdc 

(lO = 1.0A, Tj = +25°C) 


- 

2.0 

- 


Output Resistance do = 500 mA) 

Ro 

- 

95 

- 

mfl 

Short-Circuit Current Limit (Tj = +25°C) 

'sc 

- 

230 

- 

mA 

Average Temperature Coefficient of Output Voltage 

TCVo 





Iq = 5.0 mA, 0“C <Ta t£+125°C 


- 

-1.0 

- 
































































































































MC7800C Series 


MC7818C ELECTRICAL CHARACTERISTICS (Vjn = 27 V, Iq = 500 mA, 0°C <Tj <+l25°C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj =+25°C) 

Vo 

17.3 

18 

18.7 

Vdc 

Input Regulation 

Regin 




mV , 

(Tj = +25°C, Iq = 100 mA) 

21 Vdc^Vin<33Vdc 



25 

180 


24 Vdc <Vjn 530 Vdc 
(Tj =+25°C, Iq = 500 mA) 


“ ■ 

10 

90 


21 Vdc ^Vjn 533 Vdc 


- 

90 

360 


24 Vdc 5Vjn 530 Vdc 


- 

50 

180 


Load Regulation 

Regioad 




mV 

Tj = +250C, 5.0mA ^ Iq 5 1.0 A 



110 

360 


250 mA^IO 5 750 mA 



55 

180 


Output Voltage 

Vo 




Vdc 

(21 Vdc 5Vjn:S33 Vdc, 5.0 mAS Iq 51.0 A, P 515 W) 


17.1 

- 

18.9 


Quiescent Current (Tj = +25°C) 

'b 

- 

4,5 

8.0 

mA 

Quiescent Current Change 

AIb 




mA 

21 Vdc5Vjn5 33 Vdc 

- 

- 

1.0 


5.0 mA5lo 51.0 A 


- 

- 

0.5 


Output Noise Voltage (T^ =+25°C, 10 Hz <100 kHz) 

Vn 

- 

110 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

72 

mV/I.OkHRS 

Ripple Rejection (Iq = 20 mA, f = 120 Hz-) 

RR 

- 

59 


dB 

Input-Output Voltage Differential 

O 

> 

c 

> 




Vdc 

do = 1.0 A, Tj = +25°C) 


- 

2.0 

- 


Output Resistance (Iq = 500 mA) 

RO 

- 

110 

- 

mU 

Short-Circuit Current Limit (Tj = +25°C) 

'sc 

- 

200 

- 

mA 

Average Temperature Coefficient of Output Voltage 

TCVo 




mV/°C 

Iq = 5.0 mA, 0°C 5T,(^ :g ■H25°C 

- 

-1.0 

- 



MC7824C ELECTRICAL CHARACTERISTICS {Vjn = 33 V, Iq = 500 rT)A,0°C<iTj <+125°C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

23 

24 

25 

Vdc 

Input Regulation 

Regin 




mV 

(Tj = +250C, lo = 100 mA) 






27 Vdc 5Vin5 38 Vdc 


- 

31 

240 


30 Vdc<V|n 5 36 Vdc 


- 

14 

120 


(Tj = -H25°C, lo = 500 mA) 






27 Vdc 5Vjn^38Vdc 


- 

118 

480 


30 Vdc ^Vjn 536 Vdc 


- 

70 

240 


Load Regulation 

ReSload 




mV 

Tj = +25°C, 5.0 mA < Iq 5 1-0 A 


- 

150 

. 480 


250 mA ^ Iq 5750 mA 


- 

85 

240 


Output Voltage 

Vo 




Vdc 

(27 Vdc 5 V|n ^ 38 Vdc, 5.0 mA S Iq 5 1.0 A, P 5 15 W) 


22.8 

- 

25.2 


Quiescent Current (Tj = +25°C) 

'b 

- - 

' 4.6 

8.0 

mA 

Quiescent Current Change 

AIb 




mA 

27 Vdc 5Vjn <38 Vdc 


- 

- 

1.0 


5.0 mA 5 Iq 5 1.0 A 


- 

- 

0.5 


Output Noise Voltage (Ta =+25°C, 10 Hz 5f ^ 100 kHz) 

Vn 

- 

170 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

96 

mV/1.0 k HRS 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

56 

- 

dB 

Input-Output Voltage Differential 

O 

> 

1 

c 

> 

- 

■EH 

- 

Vdc 

(l0= I.OA, Tj.= +25°C) 






Output Resistance (Iq = 500 mA) 

Ro 


150 

- 

mn 

Short-Circuit Current Limit (Tj = ■f25°C) '' 

>SC 

- 

150 

- 

mA 

Average Temperature-Coefficient of Output Voltage 

TCVo 




mV/OC' 

Iq = 5.0 mA, 0°C 5Ta 5 + 125°C 


- 

-10 

- 






























































































































Vin-Vo, INPUT-OUTPUT VOLTAGE 


MC7800C Series 


TYPICAL CHARACTERISTICS 

(Ta = +25°C unless otherwise noted.) 


FIGURE 1 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 313) 



FIGURE 3 - INPUT OUTPUT DIFFERENTIAL AS A 
FUNCTION OF JUNCTION JEMPERATURE 



Tj, JUNCTION TEMPERATURE (<>0 


FIGURE 2 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Cass 11) 



Ta, AMBIENT TEMPERATURE (“C) 


FIGURE 4 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


iQ, OUTPUT CURRENT (AMPERES) 
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FIGURE 5 - RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 


FIGURE 6 - RIPPLE REJECTION AS A FUNCTION 
OF OUTPUT VOLTAGES 
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Vo, OUTPUT VOLTAGE (VOLTS) 


iVlC7800C Series 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - OUTPUT VOLTAGE AS A FUNCTION 



-25 0 +25 +50 +75 +100 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (“0 


FIGURE 9 - OUTPUT IMPEDANCE AS A 



4.0 8.0 12 16 20 24 

Vq, OUTPUT VOLTAGE (VOLTS) 


FIGURE 8 - QUIESCENT CURRENT AS A 



0 25 50 76 100 125 


Tj, JUNCTION TEMPERATURE (OC) 

DEFINITIONS 

Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation — The change in output voltage for a change in 
load current at constant chip temperature. 

(Vlaximum Power Dissipation — The maximum total device dissi¬ 
pation for which the regulator will operate within specifications. 

Quiescent Current — That part of the input current that is not 
delivered to the load. 

Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices’ electrical characteristics and maximum power dissipation. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation; 

^J(max) 

Where: = power Dissipation aliowabie at a given oper¬ 

ating ambient temperature. 


->V, lo 


'O 


^J(max} ^ IVlaximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

T^ = Maximum Desired Operating Ambient Temperature 
r^jaITyp) = Typical Thermal Resistance Junction to Ambient 
Ig = Total Supply Current 
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MC7800C Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC7800C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition. Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. ’ 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under ail load conditions. A 0.33 fiF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen.The bypass capacitorshould 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good constructiontechniques 
should be used to minimize ground loops and leadresistancedrops 
since the regulator has no external sense lead. 


FIGURE 10 - CURRENT REGULATOR 


0.33 pF 


•—t—O- MC78( 

'1 t 


Constant 
> Current to 
Grounded Load 


The MC7800C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
l\/IC7805C is chosen in this application. Resistor R determines 
the current as follows: 

5 V 

'o = -R " 'Q 

Iq^ 1.5 mA over line and load changes 

For example, a 1-ampere current source would require R to be a 
5-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


FIGURE 11 - ADJUSTABLE OUTPUT REGULATOR 



Vq, 7.0 V to 20 V 
Vm - Vo > 2.0 V 

The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation character¬ 
istics. The minimum voltage obtainable with this arrangement is 
2.0 volts greater than the regulator voltage. 


FIGURE 12 - CURRENT BOOST REGULATOR 


IVIJ2955 or Equi' 


FIGURE 13 - SHORT-CIRCUIT PROTECTION 



XX = 2 digits of type number indicating voltage. 


The MC7800C series can be current boosted with a PNP transis¬ 
tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the VgE of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased by 
V0E Iff® transistor. 



The circuit of Figure 12 can be modified to provide supply protec¬ 
tion against short circuits by adding a short-circuit sense resistor, 
Rjc/and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a four-ampere plastic power tran¬ 
sistor is specified. 













MC78L00C,AC 

Series 


THREE-TERMINAL POSITIVE 
VOLTAGE REGULATORS 

The MC78L00 Series of positive voltage regulators are inexpensive, 
easy-to-use devices suitable for a multitude of applications that re¬ 
quire a regulated supply of up to 100 mA. Like their higher powered 
IVIC7800 and MC78M00 Series cousins, these regulators feature 
internal current limiting and thermal shutdown making them re¬ 
markably rugged. No external components are required with the 
IV1C78L00 devices in many applications. 

These devices offer a substantial performance advantage over the 
traditional zener diode-resistor combination. Output impedance is . 
greatly reduced and quiescent current is substantially reduced. 

• Wide Range of Available, Fixed Output Voltages 

• Low Cost 

• Internal Short-Circuit Current Limiting 
•• Internal Thermal Overload Protection 

• No External Components Required 

• Complementary Negative Regulators Offered 

(MC79L00 Series) 

• Available in Either ±5% (AC) or ±10% (C) Selections 


REPRESENTATIVE CIRCUIT SCHEMATIC 


3 Output 



Device No. 
-10% 

Device No. 

±5% 

Nominal 

Voltage 


IVIC78L02AC 

2.6 

MC78L05C 

MC78L05AC 

5.0 

IVIC78L08C 

MC78l:08AC 

8.0 

MC78L.12C 

IV1C78L12AC 

12 

MC78L15C 

MC78L15AC 

15 

IV1C78L18C 

MC78L18AC 

18 

MC78L24C 

IVIC78L24AC 

' 24 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


P SUFFIX 

CASE 29 
TO-92 

Pin 1. Input 

2. Ground 

3. Output 


Bottom 

View 

o )3 




G SUFFIX 

CASE 79 
TO-39 

Pin 1. Input 

2, Output 

3. Ground 


STANDARD APPLIC/VTION 



A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

* = C| is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Co is not needed for stability; however, 
it does improve transient response. 


ORDERING INFORMATION 


Device Temperature Range 


MC78LXXACG 


MC78LXXACP 


MC78LXXCG 


MC78LXXCP 


Package 


Metal Can 


Metal Can 


Plastic T ransistor 















































MC78L00C, AG Series 


MC78L00 Series MAXIMUM RATINGS (T^ = +125°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (2.6 V — 8.0 V) 

V| 

30 

Vdc 

(12V-18V) 


, 35 


(24 V) 


40 


Storage Junction Temperature Range 

^stg 

-65 to +150 

°C 

Operating Junction Temperature Range 

Tj 

0 to -^150 

“C 


MC78L02AC ELECTRICAL CHARACTERISTICS (V| =9.0 V, Iq =^0 mA, C| = 0.33 mF, Cq = 0.1 nF, 
__0°C <Tj < +125°C unless otherwise noted.)_ 


Characteristic 

Symbol 

MC7802AC 

Unit 

Min 

Typ 

Max 

Output Voltage (Tj = -^25°C) 

Vo 

2.5 

2.6 

2.7 

Vdc 

Input Regulation 

*^®9line 




mV 

(Tj = -(-25°C) 






4.75 Vdc < V| < 20 Vdc 


- 

40 

100 


5.0Vdc< V| <20Vdc 


- 

30 

75 


Load Regulation 

f^®9load 




mV 

(Tj = ■^25°C, 1.0 mA < Iq < 100 mA) 



10 

50 


(Tj = -t25°C, 1.0 mA < Iq < 40 mA) 



4.0 

25 


Output Voltage 

Vo 



■■■ 

Vdc 

(4.75 Vdc < V| < 20 Vdc, 1.0 mA < Iq < 40 mA) 


2.45 

- 



(4.75 Vdc < Vi < 20 Vdc, 1.0 mA < Iq < 70 mA) 


2.45 

- 

1^11 


Input 8ias Current 

•b 




mA 

(Tj = -t25°C) 


- 

3.6 

6.0 


(Tj = -H25°C) 


- 

- 

5.5 


Input Bias Current Change 

AIb 




mA 

(5.0 Vdc < Vjn < 20 Vdc) 


- 

- 

2.5 


(1.0 mA < Iq < 40 mA) 


- 

- 

0.1 


Output Noise Voltage 

Vn 

- 

30 

- 

mV 

(Ta = +25°C, 10 Hz < f < 100 kHz) 






■Ripple Rejection 

RR 

43 

51 

- 

dB 

(f =120 Hz, 6.0 V,< Vjn < 16 V, Tj = 25°C) 






Input-Output Voltage Differential 

V|/Vo 

- 

1.7 , 

- 

Vdc 

(Tj = 2F,°'C) 







MC78L05C, MC78L05AC ELECTRICAL CHARACTERISTICS (V| = 10 V, Iq = 40 mA, C, = 0.33 mF, Cq = 0.1 nF, 


0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC78L05C 

MC78L05AC 

Unit 


Typ 

Max 


BBS 

Max 

Output Voltage (Tj = ■^25°C) 

Vo 


5.0 

5.4 

4.8 

5.0 

5.2 

Vdc 

Input Regulation 

f^®9line 







mV 

(Tj = ■t25°C, Iq = 40 mA) 









7.0 Vdc< V| < 20 Vdc 



55 

200 


55 

150 


8.0 Vdc <V| < 20 Vdc 



45 

150 


45 

100 


Load Regulation 

FIsgioad 

■jim 






mV 

(Tj =-t25°C, 1.0 mA < Iq < 100 mA) 



11 

60 


11 

60 


(Tj = +25°C, 1.0 mA < Iq < 40 mA) 



5.0 

30 


5,0 

30 


Output Voltage 

Vo 

■■ 



Mi 



Vdc 

(7.0 Vdc « V| < 20 Vdc, 1.0 mA < Iq < 40 mA) 




5.5 

WEm 


5.25 


( V| = 10 V, 1.0 mA < Iq < 70 mA) 


■a 


5.5 

Ml 


5.25 


Input Bias Current 

l|B 







mA 

(Tj = +25°C) 



3.8 

6.0 


3.8 

6.0 


(Tj = -H25°C) 




5.5 


- 

5.5 


Input Bias Current Change 

*I|B 

nmn 




■■■Ill 


mA 

(8.0 Vdc < V| ^ 20 Vdc) 







1.5 



(1.0 mA < Iq < 40 mA) _ 

Output Noise Voltage (T/^ = +25°C, 10 Hz < f < Vm 

100 kHz) 





Long-Term Stability 


\mmi 


mV/1.0 k Hrs 


Ripple Rejection (Iq = 40 mA, f = 120 Hz, 

RR 

40 

49 

- 

41 

49 

- 

8.0 V < V| < 18 V, Tj = +25°C) 









Input-Output Voltage Differential 
(Tj = +25°C) 


V|/Vo' 









































































































































MC78L00C, AC Series 


MC78L08C. MC78L08AC ELECTRICAL CHARACTERISTICS (Vj = 14 V, Iq = 40 mA, C| = 0.33 hP.Cq = 0.1 /iF, 


_ Characteristic _ 

Output Voltage (Tj = +25°C) _ 

Input Regulation 

(Tj =+25°C, lo = 40 mA) 

10.5 Vdc < V| < 23 Vdc 

11 Vdc < V| < 23 Vdc _ 

Load Regulation 

(Tj = +25°C, 1.0 mA < iQ < lOOmA) 

(Tj = +25°C, 1.0 mA < Iq < 40 mA) _ 

Output Voltage 

(10.5 Vdc < V| < 23 Vdc, 1.0 mA < lo<40mA) 

(V| 14 V, 1.0 mA<lo<70mA) _ 

Input Bias Current 
(Tj = +25®C) 

(Tj = +125°C) _ 

Input Bias Current Change 
(11 Vdc < V| < 23 Vdc) 

(1.0 mA < If) < 40 mA) __ 

Output Noise Voltage (T;^ = +25°C, 10 Hz < f < 

100 kHz) _ 

Long-Term Stability _ 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 

12V<V| < 23 V, Tj = •t25°C) _ 

Input-Output Voltage Differential 
(Tj = ■t-25°C) 



Unit 

Vdc 

mV 


mV 


Vdc 


mA 


mA 


mV 


mV/I.Q k Hrs. 
dB 


Vdc 


MC78L12C, MC78L12AC ELECTRICAL CHARACTERISTICS (V| = 19 v, Iq = 40 mA, C| = 0.33 mF, Cq = 0.1 mF, 0°C < Tj < 
__ ._+125°C unless otherwise noted.) ___ 


Characteristic 


MC78Li2C 1 

MC78L12AC 1 

Urtit 


Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage (Tj = +25°C) 

Vo 

11.1 

12 

12.9 

11.5 

12 

12.5 

Vdc 

Input Regulation 

^®91ine 







mV 

(Tj =+25°C, Iq = 40 mA) 









14.5 Vdc < V| < 27 Vdc 



120 

250 


120 

250 


16 Vdc < V| < 27 Vdc 


imi 

100 

200 


100 

200 


Load Regulation 

Regioad 




bb 



mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



20 • 

100 


20 

lOO 


(Tj =+25°C, 1.0 mA < Iq < 40 mA) 



10 

1 50 

^I^B 

10 

50 


Output Voltage 

Vo 



■■ 


■■HI 


Vdc 

(14.5 Vdc < V| <27 Vdc, 1.0 mA < Iq ^ 40 mA) 


10.8 



11.4 


12.6 


(V| = 19 V,1.0mA<lo<70mA) 


10.8 



11.4 

bBIb 

12.6 


Input Bias Current 

•iB 

■jllllll 

■■■ 


bbi 

■B 


mA 

(Tj = +25°C) 




6.5 

^^Bl 


6.5 


(Tj = -H25°C) 


IBH 

IBB 

6.0 

bbi 

BB 

6.0 


Input Bias Current Change 

^•iB 


■■■ 


bbi 

bbi 


mA 

(16 Vdc < V| < 27 Vdc) 







1.5 

/ 

(1.0 mA < In <40 mA) 




mm 

BBI 

BBI 

0.1 


Output Noise Voitage (T/^ = +25°C, 10Hz <f< 

Vn 

- 

• 80 

- • 

. - ■ 

80 

- 

mV 

100 kHz) ' 









Long-Term Stability 

AVo/^t 

- 

24 

- 

- 

24 

- 

mV/1.0 k Hrs. 

Ripple Rejection (Iq “ 40 mA, f=120Hz,15V< 

RR 

36 

42 


37 

42 

;I|B| 

dB 

V( < 25 V, Tj = -t25°C) 







,BBI 


Input-Output Voltage Differential 

V|/Vo 

-- 

1.7 


bbb 

1.7 

- 

Vdc 

(Tj = -t25°C) ' 




■I 

l■i 









































































































































IVIC78L00C, AC Series 


MC78L15C, MC78L15AC ELECTRICAL CHARACTERISTICS (V| = 23 V, Iq = 40 mA, C| = 0.33 mF, Cq = 0.1 mF, 


0°C < Tj < ■f125°C unless otherwise noted.) 




MC78L15C 

MC78Li5AC 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vq 

13.8 

15 

16.2 

14.4 

15 

15.6 

Vdc 

Input Regulation 

Reaiine 



■■ 

|BH 



mV 

(Tj = + 25 OC, Iq = 40 mA) 

17.5 Vdc< V| <30 Vdc 


n 

130 


H 

130 

300 


20 Vdc < V| < 30 Vdc 



110 



110 

250 


Load Regulation 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 

Regioad 

n 

25 

150 

H 

25 

150 

mV 

(Tj =+25°C, 1.0 mA < Iq < 40 mA) 



12 

75 


12 

75 


Output Voltage 

Vo 


■■B 

Mi 

Ml 

j^BII 

Ml 

Vdc 

(17.5 Vdc < V| < 30 Vdc, 1.0 mA<lo<40mA) 


13.5 


IM 

BM 


IM 


(V| = 23 V, 1.0 mA < Iq < 70 mA) 


13.5 


WM 

mm 


IM 


Input Bias Current 


miBH 






mA 

(Tj = + 25 OC) 




6.5 



6.5 


(Tj = +125°C) 



bBH 

6.0 


Mi 

6.0 


Input Bias Current Change 

^l|B 


m^B 

■■ 


^■B 


mA 

(20 Vdc < V| < 30 Vdc) 




bB 



1.5 


(1.0 mA < Iq < 40 mA) 




bIb 


11111^1 

0.1 


Output Noise Voltage (T/\ = +25°C, 10 Hz < f < 

Vn 

- 

90 

- 

- 

90 

- 

mV 

100 kHz) 









Long-Term Stability 


- 

30 


- 

30 

- 

mV/1.0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 18.5 V < 

V| < 28.5 V, Tj = -t25°C) 

RR 

33 

39 

■ 

34 

39 

- 

dB 

Input-Output Voltage Differential 
(Tj = ■t-25°C) 

V|/Vo 

— 

1.7 


” 

1.7 

” 

Vdc 


MC78L18C, MC78L18AC ELECTRICAL CHARACTERISTICS (V, = 27 V, Iq = 40 mA, C, = 0.33 mF, Cq = 0.1 mF, 


0°C < Tj < +125°C unless otherwise noted.) 




MC78L18C 

MC78L18AC 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = ■t25°C) 

Vo 

16.6 

18 

19.4 

17.3 

18 

18.7 

Vdc 

Input Regulation 

Flsgiine 

B||B 



BjjBH 


■ 

mV 

(Tj = +25°C, Iq = 40 mA) 









21.4 Vdc < V| < 33 Vdc 



32 

325 





20.7 Vdc < V( < 33 Vdc 






45 

325 


22 Vdc < V| < 33 Vdc 



27 

275 





21 Vdc < V| < 33 Vdc 


lil^l 




35 

275 


Load Regulation 

R fig load 

BB| 



■■IB 



mV 

(Tj = -t25°C, 1.0 mA < Iq < 100 mA) 



30 

170 


30 

170 


(Tj = ■l-25°C, 1.0 mA < Iq < 40 mA) 



15 

85 


15 

85 


Output Voltage 

Vo 


IIBIIII 



Mjj^M 


Vdc 

(21.4 Vdc < V| < 33 Vdc, 1.0 mA < lo<40mA) 


16.2 


17.8 





(20.7 Vdc < V| < 33 Vdc, 1.0 mA < Iq C 40 mA) 





17.1 


18.9 


(V| = 27 V, 1.0 mA < Iq < 70 mA) 


16.2 


17.8 





(V| = 27 V, 1.0 mA < Iq < 70 mA) 





17.1 , 


18.9 


Input Bias Current 








mA 

(Tj = -t25°C) 



3.1 

6.5 


3.1 

6.5 


(Tj = +125°C) 


lEiH 

- • 

6.0 

II^B 

- 

6.0 


Input Bias Current Change 

*<IB 

B||B 

MMIM 


B|^B 

||BB 


mA 

(22 Vdc < V| < 33 Vdc) 




1.5 





(21 Vdc < V| = 33 Vdc) 







1.5 


(1.0 mA < Iq < 40 mA) 




0.2 


lllllllllllllll^^ 

0.1 


Output Noise Voltage (T/^ = ■h25°C, 10 Hz < f < 

V|\| 

- 

150 

- 

- 

150 

- 

mV 

100 kHz) 









Long-Term Stability 

aVQ/^t 

- 

45 

- 


45 

- 

mV/1.0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 

RR 

32 

46 

- 

33 

48 

BB| 

dB 

23 V < V| < 33 V, Tj = -H25°C) 









Input-Output Voltage Differential 

V|/Vo 

_ 

1.7 

_ 

__ 

1.7 

_ 

Vdc 

(Tj = +25°C) 






















































































































































MC78L00G, AC Series 


MC78L24C. MC78L24AC ELECTRICAL CHARACTERISTICS (V| = 33 V, Iq = 40 mA, C| = 0.33 pF, Cq = 0.1 nf, 


0°C < Tj < -H 25°C unless otherwise noted.) 


Characteristic 


MC78L24C 

MC78L24AC 

Unit 



Typ 

Max 

Min 

B!9 

Max 

Output Voltage (Tj = +25°C) 


22.1 

24 

25.9 

23 

24 

_25 

Vdc 

Input Regulation 

Regiine 

■■■ 


■■ 

mmH 


Hi 

mV 

(Tj = + 25 OC, Iq = 40 mA) 




■■ 





27.5 Vdc < V| < 38 Vdc 



35 



- 

Hi 


28 Vdc < V| < 38 Vdc 



30 



50 

H9 


27 Vdc < V| < 38 Vdc 



- 

Hi 


60 

HI 


Load Regulation 

Regioad 

IHI 



IHi 

Hi 


mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



40 

200 


mSm 

200 


(Tj = +25°C, 1.0 mA < Iq <40mA) 



20 

100 


HI 

100 


Output Voltage 

Vo 


■■■ 



mmi 


Vdc 

(28 Vdc < V| < 38 Vdc, 1.0 mA < Iq < 40 mA) 


21.6 


26.4 





(27 Vdc < V| < 38 Vdc, 1.0 mA < Iq < 40 mA) 





22.8 


25,2 


(28 Vdc < V| < 33 V, '1.0 mA < Iq < 70 mA) 


21.6 


26.4 





(27 Vdc < V| < 33 V, 1.0 mA < Iq < 70 mA) 





22.8 


25.2 


Input Bias Current 

•iB 

■mill 



■mi 



mA 

(Tj = +25°C) 



3.1 

6.5 


3.1 

6.5 


(Tj = +125°C) 



- 

6.0 


- 

6.0 


Input Bias Current Change 

^l|B 



wmm 

^Hl 

mm9 


mA 

(28 Vdc « V| « 38 Vdc) 




HH 



1.5 


(1.0 mA < Iq < 40 mA) 



mBH 

■9 


iiism 

0.1 


Output Noise Voltage (T;^ =+25°C, 10 Hz < 

Vn 

mm 

200 



200 

- 

mV 

f < 100 kHz) 


■■ 







Long-Term Stability 

^VnMt 

- 

56 

- 

- 

56 

- 

mV/1.0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 29 V < 

RR 

30 

43 


31 

45 

_ 

dB 

V| < 35 V, Tj = ■h25°C) 









Input-Output Voltage Differential 

V|/Vo • 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

(Tj = ■^25°C) 










THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation; 


Pd(Ta) = 


Tj(max) "Ta 
R0JA(Typ) 


> V| Is -Vo Iq 


Where: Pd(Ta) " Power Dissipation allowable at a given 
operating ambient temperature. 


Tj(max) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

RgjAlTyp) = Typical Thermal Resistance Junction to 
Ambient 
Is = Total Supply Current 


/ 


4-96 


































































Pq, POWER DISSIPATION (mW) ^ l|^, INPUT BIAS CURRENT (mA) Vq, OUTPUT VOLTAGE (VOLTS) 


MC78L00C, AC Series 


TYPICAL CHARACTERISTICS 

(T/^ = +25°C unless otherwise noted.) 



0 2.0 4.0 6.0 8.0 10 


FIGURE 2- DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 



0 I_I_I_I_ \ _I_1_ \ _I_I_I 

0 25 50 75 100 125 


V|, INPUT VOLTAGE (VOLTS) 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 3 - INPUT BIAS CURRENT versus 
AMBIENT TEMPERATURE 



0 25 50 75 100 125 

Ta, AMBIENT TEMPERATURE (t>C) 


FIGURE 4 - INPUT BIAS CURRENT versus 



0 5.0 10 15 20 25 30 35 40 

V|, INPUT VOLTAGE (VOLTS) 


FIGURE 5 - maximum AVERAGE POWER DISSIPATION 
versus AMBIENT TEMPERATURE -TO-92Type Package 



10 I-1-1-1-1-1_1_I_^_ I II 

25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (“O 


FIGURE 6 - MAXIMUM AVERAGE POWER DISSIPATION versus 


AMBIENT TEMPERATURE - TO-39 Type Package 



25 50 75 100 125 150 

Ta, AMBIENT TEMPERATURE (OC) 
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Design Considerations 

The MC78L00C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 
to the power supply filter with long wire^lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 


FIGURE 7 - CURRENT REGULATOR 



Constant 
Current to 
Grounded Load 


The MC78L00C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC78L05C is chosen in this application. Resistor R determines 
the current as follows: 



selected to provide good high-frequency characteristics to insure 
stable operation under ail load conditions. A 0.33 mP or larger 
tantalum, tnylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the Shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output is also recommended. 


5 V 

Iq = -^ + l|B 

l |0 = 3.8 mA over line and load changes 

For example, a 100 mA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 















MC78M00C 

series 


MC78M00C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 

The MC78M00 Series positive voltage regulators are identical to 
the popular IVICTSOOC Series devices, except that they are specified 
for only half the output current- Like the MC7800G devices, the 
MC78IV|P0C three-terminal regulators are intended for local, on-card 
voltage regulation. 

Internal current limiting, thermal shutdown circuitry and safe- 
area compensation for the internal pass transistor combine to make 
these devices remarkably rugged under most operating conditions. 
Maximum output current, with adequate heatsinking is 500 mA., 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 79 

{TO-220 and Hermetic TO-39) 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


Pin 1. Input 

2. Output 

3. Ground 



Bottom J 

Viewv 

G SUFFIX 
METAL PACKAGE 
CASE 79 
TO-39 

(Case connected 
to Pin 3) 


Pin 1. input 

2. Ground 3 

3. Output 

2 

T SUFFIX 

PLASTIC PACKAGE 
CASE 313 
(TO-220 Type) 


STANDARD APPLICATION 




A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

* = Cjn is required if regulator is located an 
appreciable distance from power supply 
filter. 

•*=Co improves stability and transient re¬ 
sponse. 


ORDERING INFORMATION 


TEMPERATURE RANGE PACKAGE 



XX indicates nonrinal voltage 


TYPE NO./VOLTAGE 
MC78M05C 5.0 Volts 

MC78IVI06C 6.0 Volts 

IVIC78M08C 8.0 Volts 

MC78M12C 12 Volts 

IVIC78M15C 15 Volts 

MC78M18C 18 Volts 

MC78M20C 20 Volts 

IVIC78M24C 24 Volts 


4-99 






























MC78M00C Series 


IVICTSMOOC Series MAXIMUM RATINGS (T/^ = +25®C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (5.0 V -18 V) 

V| 

35 

Vdc 

(20 V-24 V) 


40 


Power Dissipation (Package Limitation) 




Plastic Package 




Ta = 25°C 

Pd 

Internally Limited 


Derate above Ta = 25°C 

®JA 

70 

°C/W 

Tc = 25°C 

^D 

Internally Limited 


Derate above Tc = 110°C 

®JC 

5.0 

OC/W, 

Metal Package 




Ta = 25°C 

Pd 

Internally Limited 


Derate above Ta “ 25°C 

®JA 

185 

°C/W 

Tc = 25°C 

Pd 

Internally Limited 


Derate above Tc = 85°C 

^JC 

25 

°C/W 

Operating Junction Temperature Range 

Tj 

0 to +150 

°C 

Operating Ambient Temperature Range 

Ta 

0 to +85 

°C 

Storage Temperature Range 

Tstg 



Plastic Package 

-65 to +150, 

°c 

Metal Package 


-65 to +150 

°c 


MC78M05C ELECTRICAL CHARACTERISTICS (V| = 10 V, lo= 200 mA, 0°C < Tj < +125 °C,Pd < 5.0 W unless otherwise noted.) 



Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25®C) 

Vo 

4.8 

5.0 

5.2 

Vdc 

Line Regulation 

Tiegiine 




mV 

(Tj = +25PC) 






(7.0 Vdc < V| < 25 Vdc) 


- 

3.0 

100 


(8.0 Vdc < V| < 25 Vdc) 


- 

1.0 

50 


Load Regulation 

Rfigioad 




mV 

(Tj = +25°C, 5.0 mA < Iq < 500 mA) 


- 

20 

100 


(Tj = +25°C, 5.0 mA < Iq < 200 mA) 


- 

10 

50 


Output Voltage 

Vo 

4.75 

- 

5.25 

Vdc 

(7.0 Vdc < V| < 25 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj = +25°C) 

'IB 

- 

4.5 

6.0 

mA 

Quiescent Current Change 

^l|B 




mA 

(8.0 Vdc < V| <25 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

40 

- ■ 

mV 

Long-Term Stability 

AVo/At 

■- 

- 

2b 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 100 mA, f,= 120 Hz, 8.0 V < V| < 18 V) 

RR 

- 

80 

- 

dB 

(IO = 300mA,f= 120 Hz, 8.0 <Vi< 18V,Tj-25°C) 


- 

80 

- 


Input-Output Voltage Differential 

V|-Vo 

- 

2.0 

- 

Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = +25°C, V| = 35 V) 

'os 

- 

300 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

■- ■ 

-1.0 

- 

mV/°C 

(IO= 5.0 mA) 






Peak Output Current 

■o 

- 

700 

- 

mA 

(Tj = 25°C) 
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IViC78M00C Series 


MC78M06C electrical CHARACTERISTICS (V| = 11 V, Iq = 200 mA, 0°C < Tj < +125°C, Pq < 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

5.75 

6.0 

6.25 

Vdc 

Line Regulation 

^®9line 




mV 

(Tj = +25°C) 






(8.0 Vdc< V| < 25 Vdc) 


- 

5.0 

100 


(9.0 Vdc < V| <25 Vdc) 


- 

1.5 

50 


Load Regulation 

Regioad 




mV 

(Tj =+25°C, 5.0 mA < Iq < 500 mA) 


- 

20 

120 


(Tj =+25®C, 5.0 mA < lo < 200 mA) 


- 

10 

60 


Output Voltage 

Vo 

5.7 

- 

6.3 

Vdc 

(8.0 Vdc < V| <25 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj = +25°C) 

•iB 

- 

4.5 

6.0 

mA 

Quiescent Current Change 

^•l8 




mA 

(9.0 Vdc<V|'< 25 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (T^ = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

45 

- 

mV 

Long-Term Stability 

AS/qIAX 

- 

- 

24 

mV/1.0 kHrs 

Ripple Rejection (Iq = 100 mA, f = 120 Hz, 9.0 V < V| < 19 V) 

RR 

_ 

80 

_ 

dB 

(Iq = 300 mA, f = 120 Hz, 9.0 V < V| < 19 V, Tj = 25°C) 


- 

80 



Input-Output Voltage Differential 

V,-Vo 

_ 

2.0 


Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = +25°C, V( = 35 V) 

•os 

- 

270 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-0.5 

_ 

mV/Oc 

(Iq = 5.0 mA) 






Peak Output Current (Tj = 25°C) 

^ *0 

_ 

700 

_ 

mA 

(Tj = 25^0 ^ 







MC78M08C ELECTRICAL CHARACTERISTICS (V| = 14 V, Iq = 200 mA, 0°C < Tj < +125°C, Pp < 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj - -(-25°C) 

''0 

7.7 

8.0 

8.3 

Vdc 

Line Regulation 

*^®9line 




mV 

(Tj = + 25 OC) 

(10.5 Vdc < V( < 25 Vdc) 


6.0 

100 



(11 Vdc < V| < 25 Vdc) 


- 

2.0 

50 


Load Regulation 

(^®9load 




mV 

(Tj = -^25°C, 5.0 mA < Iq < 500 mA) 


- 

25 

16 


(Tj = + 25 OC, 5.0 mA < Iq < 200 mA) 


- 

10 

80 


Output Voltage 

Vo 

7.6 

- 

8.4 

Vdc 

(10.5 Vdc < V| < 25 Vdc, 5.0 mA < lo< 200 mA) 






Input Bias Current (Tj = +25°C) 

•iB 

- 

4.6 

6.0 

mA 

Quiescent Current Change 

'i'lB 




mA 

(10.5 Vdc < V| < 25 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

52 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

32 

mV/1.0 kHrs 

Ripple Rejection (lo= 100mA,f= 120 Hz, 11.5V< V| < 21.5 V) 

RR 

— 

80 

_ 

dS 

(l 0 = 300 mA, f= 120 Hz, 11.5 V < Vj < 21.5 V, Tj = 25°C) 


- 

80 

- 


Input-Output Voltage Differential 

Vi-Vq 

- 

2.0 

- 


(Ta = +25°C) 




■■i 

Short-Circuit Current Limit (Tj = +25°C, V| = 35 V) 

Iqs 

_ 

250 

~ 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

— 

-0.5 

■' _ 

mV/°C 

(Iq = 5.0 mA) 






Peak Output Current 

•0 

_ 

700 

_ 

mA 

(Tj = 25°C) 





























































































































MC78IVI00C Series 


MC78M12C ELECTRICAL CHARACTERISTICS (V) = 19 V, lo= 200mA,0°C <Tj <+125 °C,Pq < 5.0 Wunlessotherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

11.5 

12 

12.5 

Vdc 

Line Regulation 

Regiine 




mV 

(Tj = +25°C) 

(14.5 Vdc< V| < 30Vdc) 



100 



(16Vdc< V| <22Vdc) 


- 


50 


Load Regulation 

R®9load 




mV 

(Tj = +25°C, 5.0 mA < Ip < 500 mA) 


- 

25 

240 


(Tj =+25°C, 5.0 mA < Jp < 200 mA) 


- 

10 

120 


Output Voltage 

Vo 

11.4 


12.6 

Vdc 

(14.5 Vdc < V| < 27 Vdc, 5.0 mA < Ip < 200 mA) 






Input Bias Current (Tj = +25°C) 

l|B 

- 

4.8 

6.0 

mA 

Quiescent Current Change , 

^l|B 




mA 

(14.5 Vdc < V| < 30 Vdc) 


- 

- 

0.8 


(5.0 mA < Ip < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (T/^ = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

75 


mV 

Long-Term Stability 

AVp/At 

- 

- 

48 

mV/I.O k Hrs 

Ripple Rejection (lp= 100 mA, f= 120Hz, 15 V < V) <25V) 

RR 


80 

- 

dB 

(Ip = 300mA,f = 120 Hz, 15 V < V| < 25 V,Tj = 25°C) 


- 

80 



Input-Output Voltage Differential 

V,-Vp 

_ 

2.0 

— 

Vdc 

(Ta = +25°C) 





Short-Circuit Current Limit (Tj = +25°C, V | = 35 V) 

'os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVp/AT 

, - 

-1.0 

- 

mV/°C 

(Ip = 5.0 mA, 0°C < Ta < +125°C) 






Peak Output Current 

'0 

_ 

700 

- ■ 

mA 

(Tj = 25 OC) 






MC78M15C ELECTRICAL CHARACTERISTICS (V| = 23 V, Iq = 200 mA, 0°C < Tj < +125®C, Pp < 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = -^25°C) 

Vo 

14.4 

15 

15.6 

Vdc 

Input Regulation 





mV 

(Tj = -f250C) 






(17.5 Vdc < Vi < 30 Vdc) 


- 

10 

100 


(20 Vdc < Vi < 30 Vdc) 


- 

3.0 

50 


Load Regulation 

Regioad 




mV 

(Tj = +25°C, 5.0 mA < Ip < 500 mA) 


- 

25 

150 


(Tj = -r25°C, 5.0 mA < Ip < 200 mA) 


- 

10 

75 


Output Voltage 

Vo 

14.25 

- 

15.75 

Vdc 

17.5 Vdc < V| < 30 Vdc, 5.0 mA < Ip < 200 mA) 






Input BiasCurrent (Tj = +25°C) 

'IB 

-- 

4.8 

6.0 

mA 

Quiescent Current Change 

^'IB 





(18.5 Vdc < V| < 30 Vdc) 


- 

- 

0.8 


(5.0 mA < Ip < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

90 

- 

mV 

Long-Term Stability 

AVp/At 


- 

60 

mV/I.OkHrs 

Ripple Rejection (Ip = 100mA,f = 120 Hz, 18.5 V < V( < 28.5 V) 

RR 

— 

70 


dB 

(Ip = 300mA, f= 120Hz, 18.5 V < V| < 28.5V,Tj= 25°C) 


- 

70 

- 


Input-Output Voltage Differential 

V|-Vp 

_ ■ 

2.0 

— 

Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj =-h25°C, V| = 35 V) 

'os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVp/AT 

- 

-1.0 

- 

mV/°C 

(Ip = 5.0 mA, 0°C < Ta <+125°C) 






Peak Output Current 

'0 


700 


mA 

aj = 25°C) 
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MC78M00C Series 


MC78M18C ELECTRICAL CHARACTERISTICS (Vj = 27 V, lo= 20QmA,0OC < Tj <+125 °C,Pd< 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

17.3 

18 

18.7 

Vdc 

Line Regulation 

f^egiine 




mV 

(Tj = +25°C) 






(21 Vdc < V) <33 Vdc) 


- 

10 

100 


(24Vdc<V| <33 Vdc) 


- 

40 

50 


Load Regulation 

Regioad 




mV 

(Tj = +25°C, 5.0 mA < Iq < 500 mA) 



30 

360 


(Tj = +25°C, 5.0 mA < iQ < 200 mA) 


- 

10 

180 


Output Voltage 

Vo 

17.1 

_ 

18.9 

Vdc 

(21 Vdc < V| < 33 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj = +25°C) 

l|B 

- 

4.8 

6.5 

mA 

Quiescent Current Change 

AI|b 




mA 

(21 Vdc< V| < 33 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq ^ 200 mA) 


- 

- 

0.5 


Output Noise Voltage (Tji^ = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

100 

- 

pv 

Long-Term Stability 

AVo/At 

- 

- 

72 

mV/1.0 kHrs 

Ripple Rejection (Iq = 100 mA, f = 120 Hz, 22 V < V| < 32 V) 

RR 

- 

70 

- 

dB 

do = 300 mA, f = 120 Hz, 22 V < V| < 32 V,Tj= 25«C) 


- 

70 

- 


Input-Output Voltage Differential 

V|-Vo 

- 

2.0 


Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = +25°C, V| = 35 V) 

•os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

A Vo/AT 

- 

-1.0 

- 

mV/°C 

do = 5.0 mA, 0°C < Ta < +125°C) 






Peak Output Current 

■o 

- 

700 

_ 

mA 

(Tj = 25°C) 






MC78M20C ELECTRICAL CHARACTERISTICS (V, = 29 V, Iq 

= 200 mA, 0°C < Tj < +125®C, Pq^ 5.0 W unless otherwise noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

19.2 

20 

20.8 

Vdc 

Line Regulation 

■SB 




mV 

(Tj = +25°C) 






(23 Vdc < V| < 35 Vdc) 


- 

10 

100 


(24 Vdc < V| <35 Vdc) 

■■ 

- 

5.0 

50 


Load Regulation 

RsQload 




mV 

(Tj = +25°C, 5.0 mA < Iq < 500 mA) 



30 

400 


(Tj =+25°C, 5.0 mA < lo < 200 mA) 


- 

10 

200 


Output Voltage 

Vo 

19 

- 

21 

Vdc 

(23 Vdc < V| <35 Vdc, 5,0 mA < lo < 200 mA) 






Input Bias Current (Tj = +25°C) 

■iB 

- 

4.9 

6.5 

mA 

Quiescent Current Change 

AI|B 




mA 

(23 Vdc < V| < 35 Vdc) 


- 

- 

0.8 


(5.0 mA < lo < ,200 mA) 


- 

. - 

0.5 


Output Noise Voltage (Ta = +25°C. 10 Hz < f < 100 kHz) 

®on 

- 

110 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

80 

mV/1.0 kHrs 

Ripple Rejection (lo= 100 mA, f = 120 Hz, 24 V < V| < 34 V) 

RR 


70 

_ 

dB 

do = 300 mA, f= 120 Hz, 24 V < Vj < 34 V,Tj = 25°C) 


- 

70 

- 


Input-Output Voltage Differential 

V|-Vo 


2.0 

- 

Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = +25°C, V| = 35 V) 

>OS 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVo/AT 

- 

-1.1 

- 

mV/°C 

do = 5.0 mA, 0°C < Ta < +125°C) 






Peak Output Current 

'0 

■ 

700 

- 

mA 

(Tj = 25°C) 










































































































































MC78M00C Series 


MC78M24C ELECTRICAL CHARACTERISTICS (V| = 33 V, Iq = 200 mA, 0°C < Tj < +125°C, Pq < 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

23 

24 

25 

Vdc 

Line Regulation 

f^®9line 




mV 

(Tj = + 25 OC) 






(27 Vdc < V| <38 Vdc) 


- 

10 

100 


(28 Vdc< V| <38Vdc) 


- 

5.0 

50 


Load Regulation 

Regioad 




mV 

(Tj =+25°C, 5.0 mA < Iq < 500 mA) 


- 

30 

480 


(Tj =+25°C, 5.0 mA < Iq < 200 mA) 


- 

10 

240 


Output Voltage 

Vo 

22.8 

- 

25.2 

Vdc 

(27 Vdc < V| <38 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj =+25°C) 

l|B 

- 

5.0 

7.0 

mA 

Quiescent Current Change 

^l|B 




mA 

(27 Vdc < Vi < 38 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq < 200 mA) 



- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

170 

V “ 

mV 

Long-Term Stability 

AVo/At 

- 

- 

96 

mV/1.0 kHrs 

Ripple Rejection (Iq = 100 mA, f = 120 Hz, 28 V < V| < 38 V) 

RR 

— 

70 

- 

dB 

do = 300 mA, f = 120 Hz, 28 V < V| < 38 V, Tj = 25°C) 


- 

70 

- 


Input-Output Voltage Differential 

V|-Vo 

- 

2.0 

- 

Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = •f25°C) 

•os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.2 

- 

mV/OC 

do = 5.0 mA, 0°C < Ta <+125°C) 






Peak Output Current 

'0 

- 

700 

_ 

mA 

(Tj = 25°C) 








THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


•^Jlmax) 


D(Ta) R^jAfTyp) 


U 


Where: Pq(t^) = power Dissipation allowable at a given oper¬ 
ating ambient temperature. 


Tj(max) ~ Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

T^ = Maximum Desired Operating Ambient Temperature 
R()jA(Typ) = Typical Thermal Resistance Junction to Ambient 
Ig = Total Supply Current 


DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation — The maximum total device dissi¬ 
pation for which the regulator will operate within specifications. 


Input Bias Current — That part of the input current that is not 
delivered to the load. 

Output Noise Voltage - The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 
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lo, OUTPUT CURRENT (AMPERES) Pq. POWER DISSIPATION (WATTS) 


MC78M00C Series 


TYPICAL PERFORMANCE CURVES 

FIGURE 1 - WORST CASE POWER DISSIPATION FIGURE 2 - WORST CASE POWER DISSIPATION 

versus AMBIENT TEMPERATURE versus AMBIENT TEMPERATURE 

TO-220 (CASE 313) TO-39 (CASE 79) 




l«iM| 


■JMlI 


Ta, AMBIENT TEMPERATURE (OC) 


Ta, AMBIENT-TEMPERATURE (°C) 


FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


FIGURE 4 - RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 
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FIGURE 5 - CURRENT REGULATOR 



Constant 
Current to 
Grounded Load 


The MC7800C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows; 

5 V 

'o = -r/'Q 

Iq = 1.5 mA over line and load changes 

For example, a 500 mA current source would require R to be a 
10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 



FIGURE 7 - CURRENT ROOST REGULATOR 


FIGURE 8 - SHORT-CIRCUIT PROTECTION 


MJ2955 or Equh 



MC78MXXC h-O- f * •Output 


XX = 2 digits of type number indicating voltage. 


MJ2955 
p or Equiv 




XX = 2 digits of type number indicating voltage. 


The MC78M00C series can be current boosted with a PNP transis¬ 
tor, The IV1J2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the V 0 e of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased by 
VgE of the pass transistor. 


The circuit of Figure 7 can be modified to provide supply protec¬ 
tion against short circuits by adding a short-circuit sense resistor, 
Rscrand an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a two-ampere plastic power tran¬ 
sistor is specified. 











MC7900C 
Series. 


MC7900C SERIES THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 

The MC7900C Series of fixed output negative voltage regulators 
are intended as complements to the popular MC7800C Series devices. 
These negative regulators are available in the same seven-voltage 
options as the MC7800C devices. In addition, two extra voltage 
options commonly employed in MECL systems are also available 
in the negative MC7900C Series. 

Available in fixed output voltage options from -2.0 to -24 volts, 
these regulators employ current limiting, thermal shutdown, and 
safe-area compensation — making them remarkably rugged under 
most operating conditions. With adequate heat-sinking they can 
deliver output currents in excess of 1.0 ampere. 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 11 

(TO-220 and Hermetic TO-3) 



DEVICE TYPE/NOMINAL OUTPUT VOLTAGE 

IV1C7902C-2.0 Volts MC7906C - 6.0 Volts IVIC7915C - 15 Volts 

MC7905C - 5.0 Volts IVIC7908C - 8.0 Volts MC7918C - 18 Volts 

MC7905.2C - 5.2 Volts IVIC7912C - 12 Volts MC7924C - 24 Volts 


THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 


Eh 


METAL PACKAGE 
CASE 11-01 

(TO-3 TYPE) 



T SUFFIX 
PLASTIC PACKAGE 
CASE 313 


Pin 1. Ground 

2. Input 

3. Output 


STANDARD APPLICATION 



A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V more negative 
even during the high point on the input ripple 
voltage. 

XX = these two digits of the type number indi¬ 
cate voltage. 

* = Cjn is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Cq improves stability and transient re¬ 
sponse. H 


ORDERING INFORMATION 


DEVICE 1 TEMPERATURE RANGE PACKAGE 


+150° C I Metal Power 


XX indicates nominal voltage 
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IVIC7900C Series 


MC7900C Series MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (2.0 V - 18 V) 

V, 

-35 

Vdc 

(24 V) 


-40 


Power Dissipation 




Plastic Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

1 /R0JA 

15.4 

mW/°C 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tq - +95°C (See Figure 1) 

1 /R0JC 

200 

mW/°C 

Metal Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

t/RejA 

22.2 

mW/°C 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tc = +65°C 

1/Rojc 

182 

mW/°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 

Junction Temperature Range 

Tj 

0 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistarice, Junction to Ambient — Plastic Package 

R^ja 

65 

°C/W 

- Metal Package 


45 


Thermal Resistance, Junction to Case - Plastic Package 

R0JC 

5.0 

°c/w 

— Metal Package 


5.5 



MC7902C ELECTRICAL CHARACTERISTICS ( V| =-10 V, Iq =500 mA, 0°C <Tj<+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-1.92 

-2.00 

-2.08 

Vdc 

Line Regulation 

R®9line 




mV 

(Tj =+25°C, Iq = 100 mA) 






-7.0Vdc> V| >-25 Vdc 


_ 

8.0 

20 


-8.0 Vdc^’ V| >-^2 Vdc 


■- 

. 4.0 

10 


(Tj =+25°C,lo = 500 mA) 






-7.0 Vdc > V| >-25 Vdc 


_ 

18 

40 


-8.0 Vdc > V| >-12 Vdc 


^ - ■ 

8.0 

20 


Load Regulation 

R69!oad 

|■■||||||■| 



mV 

Tj =+25°C, 5.0 mA < lo < 1.5 A 



70 

120 


250 mA <lo <750 mA 

' 


20 

60 


Output Voltage 

Vo 

-1.90 


-2.10 

Vdc 

-7.0 Vdc > V| >-20 Vdc, 5.0 mA < Iq < 10 A, P < 15 W 






Input Bias Current (Tj =+25°C) - 

'IB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

a||b 

mniiii 



mA 

-7.0Vdc>V| >-25 Vdc 



- 

1.3 


5.0 mA <lo <1.5 A 


USB 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 

®on 

^ ■ 

40 

- 

mV 

Long-Term Stability 

AVq/AX 



20 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

65 


dB 

Input-Output Voltage Differential 

|V,-Vo| 

- 

3.5 

- 

Vdc 

IO= I.OA, Tj =+25°C 






Average Temperature Coefficient of Output Voltage 

aVo/aT 

- 

-1.0 

- 

mV/°C 

Iq = 5.0 mA, 0 °C<Ta< + 125°C 






























































































MC7900C Series 


MC7905C ELECTRICAL CHARACTERISTICS ( V| = -io V, Iq = 500 mA, 0°C <Tj <+125°C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-4.8 

-5.0 

-5.2 

Vdc 

Line Regulation 

Rsfliine 




mV 

(Tj = +25°C, Iq = 100 mA) 






-7.0 Vdc> V| >-25 Vdc 


- 

7.0 

50 


-8.0Vdc> V| >-12 Vdc 


- 

2.0 

25 


(Tj = +25°C, Iq = 500 mA) 






-7.0 Vdc > V| >-25 Vdc 


- 

35 

100 


-8.0 Vdc> V| >-12 Vdc 


- 

8.0 

50 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0mA<lo<1.5 A 


- 

11 

100 


250mA<lo<750mA 


- 

4.0 

50 


Output Voltage 

Vo 

-4.75 

- 

-5.25 

Vdc 

-7.0 Vdc > Vj >-20 Vdc, 5.0 mA <Iq < 10 A, P < 15 W 






Input Bias Current (Tj = +25°C) 

■iB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-7.0 Vdc>Vjn>-25 Vdc 


_ 

— 

1.3 


5.0mA<lo<1.5 A 


- 

- 

0.5 


Output Noise Voltage (T^ = +25°C, 10 Hz <f < 100 l<H 2 ) 

CD 

0 

3 

- 

40 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

20 

mV/1.0 kHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

70 

- 

dB 

Input-Output Voltage Differential 

|V|-Vol 

- 

2.0 

- ■ 

Vdc 

IO = 1.0A,Tj = +25°C 






Average Temperature Coefficient of Output Voltage 

aVq/^T 

- 

-1.0 

- 

mV/°C 

Iq = 5.0 mA, 0°C <Ta < + 125°C 






MC7905.2C ELECTRICAL CHARACTERISTICS (V| = -10 V, Iq 

= 500 mA, 0°C ^Tj •<-H25®C, unless otherwise noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-5.0 

-5.2 

-5.4 

Vdc 

Line Regulation 





mV 

(Tj =+25°C, Iq = 100 mA) 






-7.2Vdc> V| >-25Vdc 


- 

8.0 

si 


-8.0 Vdc > V| >-12 Vdc 


- 

2.2 

27 


(Tj = +25°C, Iq = 500 mA) 






-7.2 Vdc > V| >-25 Vdc 


- 

37 

105 


-8.0 Vdc > V| >-12 Vdc 


- 

8.5 

52 


Load Regulation 

H eg load 




mV 

Tj = +25°C, 5.0mA<lo<1.5 A 



12 

105 


250 mA <lo <750 mA 


■ - 

4'.5 

52 


Output Voltage 

Vo 

-4.94 

- 

-5.46 

Vdc 

-7.2 Vdc > V| >-20Vdc, 5.0mA<lo<10A, P<15W 






Input Bias Current (Tj = +25°C) 

'IB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

“^llB 




mA 

-7.2 Vdc> Vi >-25 Vdc 


- 

- 

1.3 


5.0 mA <lo<1.5 A 


_ 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

eon 

- 

42 


mV 

Long-Term Stability 

AVo/At 

- 

- 

20 

mV/1.Ok Hrs 

Ripple Rejection (Iq ='20 mA,f = 120 Hz) 

RR 

- 

68 

- 

dB 

Input-Output Voltage Differential 

lV|-Vol 


2.0 


Vdc 

Iq = 1.0 A, Tj = +25°C 






Average Temperature Coefficient of Output Voltage 

aVqMT 

- 

-1.0 

_ 

mV/Oc 

Iq = 5.0 mA, OPC <Ta <+125°C 

















































































































MC7900C Series 


MC7906C ELECTRICAL CHARACTERISTICS (V| = -11 V, Iq = 500 mA,0°C<Tj<+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25®C) 

Vo 

-5.75 

-6.0 

-6.25 

Vdc 

Line Regulation, 

^®9line 




rhV 

(Tj =+25®C, io “ 100 mA) 






-8.0Vdc>V| >-25Vdc 


- 


60 


-9.0Vdc>V| >-13Vdc 


- 


30 


(Tj = +25°C, Iq = 500 mA) 






-8.0 Vdc> Vi >-25 Vdc 


- 

43 

120 


-9.0Vdc> Vi >-13 Vdc 


- ■ 

10 

60 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0mA<lo< 1.5A 


- 

13 

120 


250mA<lo< 750 mA 


- 

5.0 

60 


Output Voltage 

Vo 

-5.7 

- 

-6.3 

Vdc 

-8.0Vdc> V| >-21 Vdc, 5.0mA<lo<1.0A, P<15W) 






Input 8ias Current (Tj =+25°C) 

■iB 

- 

4.3 

8.0 , 

mA 

Input Bias Current Change 

^l|B 




mA 

-8.0 Vdc> V| >-25 Vdc 


- 

- 

1.3 


5.0 mA <lo <1.5 A 


- 

- 

0.5 


Output Noise Voltage (T^ = +25°C, 10 H2 <f < 100 kHz) 

®on 

- 

45 

. - 

mV 

Long-Term Stability 

AVo/At 

- 

- 

24 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

65 

■ - 

dB 

Input-Output Voltage Differential 

IVi-Vol 

- 


- 

Vdc 

IO= 1.0A,Tj = -i-25°C 



■M 



Average Temperatbre Coefficient of Output Voltage 

aVq/^T 


-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0°C <Ta <+125°C 







IVIC7908C ELECTRICAL CHARACTERISTICS (V| = -14 V, Iq = 500 mA, 0°C <Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25®C) 

Vo 

-7.7 

-8.0 

-8.3 

Vdc 

Line Regulation 

Regiine 




mV 

(Tj =-^25®C, Iq = 100 mA) 

-10.5 Vdc >V| >-25 Vdc 

_ 

12 

80 



-11 Vdc> V| >-17 Vdc 


- 

5.0 

40 


(Tj = -i-25°C, Iq = 500 mA) 

-10.5 Vdc > Vi >-25 Vdc 



50 

160 


-11 Vdc> V| >-17 Vdc 


- 

22 

80 


Load Regulation 

*^®9load 




mV 

Tj = +25®C, 5.0 mA < Iq < 1.5 A 


- 

26 

160 


250mA<lo<750mA 


- 

9.0 

80 


Output Voltage 

Vo 

-7.6 

- 

-8.4 

Vdc 

-10.5Vdc>Vi >-23 Vdc, 5.0mA<lo< 1.0A,P<15W 






Input Bias Current (Tj = -i-25°C) 

'IB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-10.5 Vdc >V| >-25 Vdc 


- 

- 

1.0 


5.0mA <lo <1.5 A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

®on 

- 

52 

- 

mV 

Long-Term Stability 

AVo/At 


- 

32 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

62 

■ - 

dB 

Input-Output Voltage Differential 

IVi-VqI 

__ 

2.0 

_ 

Vdc 

IO= 1-0A,Tj = -i-25°C 






Average Temperature Coefficient of Output Voltage 

aVq/^T 

- 

-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0®C <Ta <+12500 

















































































































MC7900C Series 


MC7912C ELECTRICAL CHARACTERISTICS ( V| = -19 V, Iq = 500 mA,0Oc<Tj<+125®C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-11.5 

-12 

-12.5 

Vdc 

Line Regulation 

^®9line 




mV 

(Tj =+25°C, Iq = 100 mA) 






-14.5 Vdc> V| >-30 Vdc 


- • 

13 

120 


-16Vdc>V| ^-22Vdc 


- 

6.0 

60 


(Tj = +25OC, (0 = 500 mA) 






-14.5Vdc>V| >-30Vdc 


- 

55 

240 


-16 Vdc > V| >-22 Vdc 


- 

24 

120 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA <1© < 1.5 A 


- 

46 

240 


250mA<lo<750mA 


- 

17 

120 


Output Voltage 

Vo 

-11.4 

' 

-12.6 

Vdc 

-14.5 Vdc > V| >-27 Vdc, 5.0 mA < Iq < 1 0 A, P < 15 W 






Input Bias Current (Tj =+25°C) 

'IB 

- 

4.4 

8.0 

mA 

Input Bias Current Change 

^l|8 




mA 

-14.5 Vdc >V| >-30 Vdc 


- 

- 

1.0 


5.0 mA <10^1.5 A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25®C, 10 Hz <f <100 kHz) 

®on 

- 

75 

- 

mV 

Long-Term Stability 

Ay qI At 

- 

- 

48 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

61 

- 

dB 

Input-Output Voltage Differential 

IVi-Vol 

- 

2.0 

- 

Vdc 

IO = 1.0A,Tj = +25OC 






Average Temperature Coefficient of Output Voltage 

■^Vq/^T 

- 

-1.0 

- 

mVT’c 

IO = 5.0mA, 0 °C<Ta<+125°C 






MC7915C ELECTRICAL CHARACTERISTICS (V| = -23 V, Iq = 

500 mA, 0°C <Tj < -H25 

°C, unless otherwise noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-14.4 

-15 

-15.6 

Vdc 

Line Regulation 

*^®9line 




mV 

(Tj =+25°C, lo= 100 mA) 






-17.5 Vdc> V| >-30 Vdc 


- 

14 

150 


-20Vdc>V| >-26 Vdc 


- 

6.0 

75 


(Tj =+ 25 OC, Iq = 500 mA) 






-17.5 Vdc > V| >-30 Vdc 


- . 

57 

300 


-20 Vdc > V| >-26 Vdc 


- 

27 

150 


Load Regulation 

•^®9load 




mV 

Tj = +25°C, 5.0 mA < Iq < 1 -5 A 


- 

68 

300 


250 mA < Iq <750 mA 


- 

25 

150 


Output Voltage 

Vo 

-14.25 

- 

-15.75 

Vdc 

-17.5 Vdc > V1 > -30 Vdc, 5.0mA<lo<10A,P<15W 






Input Bias Current (Tj =+25“C) 

•iB 

- 

4.4 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-17.5 Vdc > V| >_30 Vdc 


' - 

- 

1.0 


5.0mA<lo<1.SA 


■ - 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <1(X) kHz) 

®on 

- 

90 

- 

mV 

Lo ng-Ter m Stab i 1 i ty 

A\/q/AX 

- 

- 

60 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

■- 

60 

- 

dB 

Input-Output Voltage Differential 

IVi-VqI 

■ - 

2.0 

- 

Vdc 

IO = 1.0A,Tj = -t-25°C 






Average Temperature Coefficient of Output Voltage 

aVo/^T 

- 

-1.0 

- 

mV/“C 

Iq = 5.0 mA, OOC <Ta <+125°C 



















































































































MC7900C Series 


IVIC7918C ELECTRICAL CHARACTERISTICS (Vj = -27 V, Iq “ 500 mA, O^C <Tj < +125®C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25®C) 

Vo 

-17.3 

-18 

-18.7 

Vdc 

Line Regulation 

^®9line 




mV 

(Tj =+25°C, iQ = 100 mA) 

-21 Vdc> V| >-33 Vdc 



25 

180 


-24 Vdc> V| >-30 Vdc 


- 

10 

90 


(Tj = +25°C, Iq = 500 mA) 

-21Vdc>V| >-33Vdc 



90 

360 


-24 Vdc> V| >-30 Vdc 


- 

50 

180 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA <lo < 1.0 A 


- 

110 

360 


250 mA <lo <750 mA 


- 

55 

180 


Output Voltage 

Vo 

-17.1 


-18.9 

Vdc 

-21 Vdc> V| >-33 Vdc,5.0mA<lo<1.0A,P<15W 






Input Bias Current (Tj = +25°C) 

■iB 

. - 

4.5 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-21 Vdc> V| >-33 Vdc 


- 

- 

1.0 


5.0mA<lo<1.0A 



- 

0.5 


Output Noise Voltage (Ta = +25®C, 10 Hz <f < 100 kHz) 

®on 

- 

110 

- 

pV 

Long-Term Stability 

AVo/At 

- 

- 

72 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

59 

- 

dB 

InputOutput Voltage Differential 

IV|-Vol 

- 

2.0 

- 

Vdc 

IO = 1.0A,Tj=+25°C 





Average Temperature Coefficient of Output Voltage 

aVq/aT 

- 

-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0“C <Ta <+125®C 





MC7924C ELECTRICAL CHARACTERISTICS (Vi = -33 V, Iq = 

500 mA, 0°C <Tj <+125®C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = ■t-25®C) 

Vo 

-23 

-24 

-25 

Vdc 

Line Regulation 

1^®9line 




mV 

(Tj -+25°C, Iq = 100 mA) 

-27Vdc> V| >-38 Vdc 


_ 

31 

240 


-30Vdc>V| >-36 Vdc 


- 

14 

120 


(Tj =-h25°C, Iq = 500 mA) 

-27Vdc>V| >-38 Vdc 



118 

480 


-30Vdc>V| >-36 Vdc 


- 

70 

240 


Load Regulation 

R®9load 




mV 

Tj =+25°C, 5.0 mA <lo < 1.0 A 


- 

150 

480 


250mA<lo<750mA 


- 

85 

240 


Output Voltage 

Vo 

-22.8 

- 

-25.2 

Vdc 

-27 Vdc> V| >-38 Vdc, 5.0mA<lo<1.0A, P<15W 






Input Bias Current (Tj = •t25°C) ' 

•iB 

- 

4.6 

8.0 

mA 

Input Bias Current Change 

^'IB 




mA 

-27Vdc>V| >-38 Vdc 


- 

- 

1.0 


5.0mA <lo <1.0 A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25®C, 10 Hz <f < 1(X) kHz) 

®on 

- 

170 

- 

mV 

Long-Term Stability 

A Vo/At 

- 

- 

96 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

56 

- 

dB 

Input-Output Voltage Differential 

|V|-Vol 

- 

2.0 

- 

Vdc 

IO=1.0A,Tj = -t^25°C 





Average Temperature Coefficient of Output Voltage 

aVq/^T 

- 

-1.0 

_ 

mV/°C 

Iq = 5.0 mA, OPC <Ta <+125°C 

















































































































Rfi, RIPPLE REJECTION (dB) lO. OUTPUT CURRENT (AMPERES) 


IVIC7900C Series 


TYPICAL CHARACTERISTICS 

(Ta = +25°C unless otherwise noted.) 


FIGURE 1 - WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO-220) 



FIGURE 2 - WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO-3) 



FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 



0 3.0 6.0 9.0 12 15 18 21 24 27 30 

|V|-Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE S - RIPPLE REJECTION ASA FUNCTION OF 
OUTPUT VOLTAGES 



2.0 4.0 6.0 8.0 iO 12 14 16 18 20 22 

Vo, OUTPUT VOLTAGE (VO LTS) 


FIGURE 4 - RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 



10 100 ’"k 10 k 100 k 


f, FREQUENCY (Hz) 


FIGURE 6 - OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 



-25 0 +25 +50 +75 +100 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (“C) 


4-113 











MC7900C Series 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - QUIESCENT CURRENT AS A FUNCTION 
OF TEMPERATURE 



DEFINITIONS 

Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. . 

Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation - The maximum total device dissi¬ 
pation for which the regulator will operate within specifications. 

Input Bias Current — That part of the input current that is not 
delivered to the load. 

Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


^J(max) 


'P<Ta'“ R^ja'Tvp) ^''i 's-''o'o 


Where: Pd(x^) = Power Dissipation allowable at a given oper¬ 
ating ambient temperature. 

Tj(max) ~ Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

= Maximum Desired Operating Ambient Temperature 
R^jaITyp) = Typical Thermal Resistance Junction to Ambient 
I5 = Total Supply Current 
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FIGURE 8 - CURRENT REGULATOR 


FIGURE 9 - CURRENT BOOST REGULATOR 

(-5.0 V (s> 4.0 A, with 5.0 A current limiting) 



The MC7902, -2.0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 

2 V ~ 

'o=T-^'b 

The quiescent current for this regulator is typicalfy 4.3 mA. 
The 2.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below the 
input voltage. 



•Mounted on common heat sink , Motorola MS-10 or equivalent. 

When a boost transistor is used, short-circuit currents are equal 
to the sum of the series pass and regulator limits, which are 
measured at 3.2 A and 1.8 A respectively in this case. Series pass 
limiting is approximately equal to 0.6 V/Rsc- Operation beyond 
this point to the peak current capability of the MC7905C is pos¬ 
sible if the regulator is mounted on a heat sink; otherwise thermal 
shutdown will occur when the additional load current is picked up 
by the regulator. 


FIGURE 10 - OPERATIONAL AMPLIFIER SUPPLY 

(±15 V@ 1.0 A) 


FIGURE 11 - TYPICAL MECL SYSTEM POWER SUPPLY 

(-5.2 V @ 4.0 A and -2.0 V 2.0 A; for PC Board) 


Jl.OpF I 1.0 |uf; 


- 1N4001 
^ or Equiv 

-*006 


The MC7815 and MC7915 positive and negative regulators may 
be connected as shown to obtain a dual power supply for oper¬ 
ational amplifiers. A clamp diode should be used at the output of 
the MC7815 to prevent potential latch-up problems. 



When current-boost power transistors are used, 47-ohm base-to- 
emitter resistors (R) must be used to bypass the quiescent current 
at no load. These resistors, in conjunction with the V 0 g of the 
NPN transistors, determine when the pass transistors begin con¬ 
ducting. The 1-ohm and 4-ohm dropping resistors were chosen to 
reduce the power dissipated in the boost transistors but still leave 
at least 2.0 V across these devices for good regulation. 


MOTOROLA Semiconductor Producte Inc. 


4-115 



















MC79L00C,AC series 



THREE-TERMINAL NEGATIVE 
VOLTAGE REGULATORS 

The MC79L00 Series negative voltage regulators are inexpensive, 
easy-to-use devices suitable for numerous applications requiring up to 
100 mA. Like the higher powered MC7900 Series negative regulators, 
this series features thermal shutdown and current limiting, making 
them remarkably rugged. In most applications, no external com¬ 
ponents are required for operation. 

The MC79L00 devices are useful for on-card regulation or any 
other application where a regulated negative voltage at a modest 
current level is needed. These regulators offer substantial advantage 
over the common resistor/zener diode approach. 

• No External Components Required 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Low Cost 

• Complementary Positive Regulators Offered 

(MC78L00 Series) 

• Available in Either ±5% (AC) or ±10% (C) Selections 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Device No. 
±10% 

Device No. 
±5% 

MC79L03C 

MC79L05C 

MC79L12C 

MC79L15C 

MC79L18C 

MC79L24C 

MC79L03AC 

MC79L05AC 

MC79L12Ae 

MC79L15AC 

MC79L18AC 

MC79L24AC 


THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 


P SUFFIX 

CASE 29 
TO-92 


Pin 1. Ground 

2. Input 

3. Output 




G SUFFIX 

CASE 79 
TO-39 


Pin 1. Ground 

2. Output 

3. Input 



STANDARD APPLICATION 



A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

* = C| is required if regulator is located an 
appreciable distance from power supply 
filter. 

•* = Cq improves stability and transient 
response. 


1 ORDERING INFORMATION | 

Device 

Temperature Range 

Package 

MC79LXXACG 


Metal Can 

MC79LXXACP 


Plastic 

Power 

MC79LXXCG 


Metal Can 

MC79LXXCP 


1 XX indicates nominal voltaoe 

_J 













































MC79L00C, AC Series 


MC79L00C Series MAXIMUM RATINGS (T^ “ +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (-3,-5 V) 

V| 

-30 

Vdc 

(-12,-15,-18 V) 


-35 


(-24 V) 


-40 


Storage Temperature Range 

^stg 

-65 to +150 

°C 

Junction Temperature Range 

Tj 

0 to+150 

°C 


MC79L03C, AC ELECTRICAL CHARACTERISTICS (V| = -10 V, Iq = 40 mA, C| = 0.33 mF, Cq = 0.1 


0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC79L03C 

MC79L03AC 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage (Tj = +25°C) 

Vo 

-2.76 

-3.00 

-3.24 

-2.88 

-3.0 

-3.12 

Vdc 

Input Regulation 

f^®9line 




nmm 



mV 

(Tj = +25°C) 









-7.0 Vdc > V| > -20 Vdc 




80 



60 


-8.0 Vdc > V] > -20 Vdc 


USUI 

191 

60 

inmiiii 

IBB 

40 


Load Regulation 

Regioad 

mm 

■mm 





mV 

Tj = +25°C, 1.0 mA < Iq < 100 mA 




72 



72 


1.0 mA < Iq < 40 mA 


IIBH 


36 

mm 

^bb 

36 


Output Voltage 

Vo 

■■ 

^mH 





Vdc 

-7.0 Vdc > V| > -20 Vdc, 1.0 mA < Iq < 40 mA 




-3.3 

-2.85 


-3.15 


V| = -10 Vdc, 1.0 mA Oq < 70mA 



IIIIBil 

-3.3 

-2.85 


-3.15 


Input Bias Current 

l|B 




^mm 



mA 

(Tj = +25°C) 




6.0 



6.0 


(Tj = +125“C) 


mm 

1119 

5.5 

BIm 

IBIB 

5.5 


Input Bias Current Change 

■^'IB 


^mm 

91 

^mm 

imm 


mA 

-8.0 Vdc > V| > -20 Vdc 




m^l 



-1.5 


1.0 mA < Iq < 40 mA 


immin 

iBm 



UBI 

-0.1 


Output Noise Voltage 

Vn 

- 

30 

- 

- 

30 

- 

mV 

(Ta = +25°C, 10 Hz < f < 100 kHz) 









Long-Term Stability 

AVo/^t 

- 

10 

- 

- 

10 

- 

mV/1.0 k Hrs. 

Ripple Rejection 

RR 

44 

51 

- 

45 

51 

- 

dB 

(-8.0 > V| > -18 Vdc, f = 120 Hz, Tj = 25°C) 









Input-Output Voltage Differential 

/V|-Vo/ 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

Iq = 40 mA, Tj =+25°C 















































































MC79L00C, AC Series 


MC79L05C, AC Series ELECTRICAL CHARACTERISTICS (V| = -10 V, Iq = 40mA, C| = 0.33 mF, Cq = 0.1 nF, 

0°C < Tj <+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Output Voltage (Tj = +25°C) 

Vo 

Input Regulation 
(Tj = +2S°C) 

-7.0 Vdc > V|>-20 Vdc 
-8.0 VdO V| >-20 Vdc 

l^®9line 

Load Regulation 

Tj = +25OC, 1.0 mA < Iq < 100 mA 

1.0 mA < Iq < 40 mA 

Regioad 

Output Voltage 

-7.0 Vdc > V| > -20 Vdc, 1.0mA< lo<40mA 

V| = -10 Vdc, 1.0 mA< lo< 70 mA 

Vo 

Input Bias Current 
(Tj = +25°C) 

(Tj = +12500 

•iB 

Input Bias Current Change 
-8.0 Vdc > V| > -20 Vdc 

1.0 mA < 10 < 40 mA 

'^•iB 

Output Noise Voltage 

(Ta = +25°C, 10 Hz < f < 100 kHz) 

Vn 

Long-Term Stability 

AVo/^t 

Ripple Rejection 

(-8.0>V| > 18Vdc,f= 120 kHz,Tj = 25°C) 

RR 

Input-Output Voltage Differential 

IO = 40mA,Tj=+25OC 

/V|-Vo/ 


MC79L05C 






MC79L05AC 







MC79L12C, AC ELECTRICAL CHARACTERISTICS (V, = -19 V, Iq = 40 mA, C| = 0.33 mF, Cq = 0.1 ^F. 


0°C < Tj < +125°C unless otherwise noted.) 




MC79L12C 

MC79L12AC 


Characteristic 

Symbol 

Mitt 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +250c) 

Vo 

-11.1 

-12 

-12.9 

-11.5 

-12 

-12.5 

Vdc 

Input Regulation 

^®9line 





■HH 


mV 

(Tj = +25°C) 









-14.5 Vdc ^ V|> -27 Vdc 




250 



250 


-16 VdO V|> -27 Vdc 




200 



200 


Load Regulation 

^®9loacl 





■■■ 


mV 

Tj = +25°C, 1.0 mA < Iq < 100 mA 




100 



100 


1.0 mA < Iq ^ 40 mA 



B9IIII 

50 



50 


Output Voltage 

Vo 



■H 


m 


Vdc 

-14.5 Vdc ^ V| > -27 Vdc, 1.0mA < lo<40mA 


-10.8 



-11.4 


-12.6 


V|=-19Vdc, 1.0mA<lb<70mA 


-10.8 


BIS 

-11.4 

imi 

-12.6. 


Input Bias Current 

>IB 




■uniii 

HU 

■n 

mA 

(Tj = +25°C) 




6.5 





(Tj = +1 25°C) 




6.0 


mil 

WSM 


Input Bias Current Change 

-'•iB 


■■■ 





mA 

-16 Vdc >\/\> -27 Vdc 




1.5 



1.5 


1.0 mA < Iq < 40 mA 



■BH 

0.2 


mm 

0.1 


Output Noise Voltage 

Vn 

- 

80 

■ - 

- 

80 

- 

aV 

(Ta = +25°C, 10 Hz « f < 100 kHz) 









Long-Term Stability 

AVo/‘^t 

- 

24 

- 

- 

24 

- ■ 

mV/1.0 k Hrs. 

Ripple Rejection 

RR 

36 

42 

- 

37 

42 

- 

dB 

(-15 «V| <-25 Vdc, f = l20Hz,Tj =+25°C) 









Input-Output Voltage Differential 

/V,-Vo/ 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

Iq = 40 mA, Tj = +25°C 

■ _ 

_ 

■ 
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I\/IC79L00C, AC Series 


MC79L15C. AC ELECTRICAL CHARACTERISTICS (V, = -23 V, Iq = 40 mA, C| = 0.33 nf=, Cq = 0.1 ^F, 


0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC79L15C 

MC79L15AC 

Unit 

Min 

Typ 

Max 

Min 


Max 

Output Voltage (Tj = +25°C) 

Vo 

-13.8 

-15 

-16.2 

-14.4 

-15 

-15.6 

Vdc 

Input Regulation 








mV 

(Tj = +25OC) 









-17.5 Vdc > V|>-30 Vdc 




300 



300 


-20 Vdc >Vi> -30 Vdc 




250 



250 


Load Regulation 

Regioad 





BjBB 


mV 

Tj = +25°C, 1.0 mA < Iq < 100 mA 




150 



150 


1.0 mA < Iq < 40 mA 




75 



75 


Output Voltage 

Vo 




Hi 



Vdc 

-17.5 Vdc -30 Vdc, 1.0 mA < Iq <40mA 


-13.5 


-16.5 

BH 


-15.75 


V|--23 Vdc, 1.0 mA < lo< 70mA 


-13.5 


-16.5 

bh 


-15.75 


Input Bias Current 

'IB 




B|||||B 

■HB 


mA 

(Tj = +25°C) 




6.5 



6.5 


(Tj = +125°C) 


IB^I 


6.0 


bb 

6.0 


Input Bias Current Change 

^'IB 

HHjjH 

■■B 

■■ 

■BB 

■■H 


mA 

-20 Vdc > V| > -30 Vdc 




IB 



1.5 


1.0 mA < Iq < 40 mA ■* 







0.1 


Output Noise Voltage 

Vn 

- 

90 

- 

- 

90 

■ - 

mV 

(Ta = +25°C, 10 Hz < f ^ 100 kHz) 









Long-Term Stability 

AVoMt 

- 

30 

- 

- 

30 

- 

mV/1.0 k Hrs. 

Ripple Rejection 

RR 

33 

39 

- 

34 

39 

- 

dB 

(-18.5 < V| < -28.5 Vdc, f = 120 Hz) 









Input-Output Voltage Differential 

/V|-Vo/ 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

IO = 40mA, Tj = ■t25°C 










MC79L18C, AC ELECTRICAL CHARACTERISTICS (V, = -27 V, Iq = 40 mA, C| = 0,33 nF, Cq = 0.1 juF. 


Characteristic 

Symbol 

Output Voltage (Tj = +25°C) 

Vq 

Input Regulation 
(Tj = +25°C) 

-20.7 Vdc > V| > -33 Vdc 
-21.4 Vdc S V| >-33 Vdc 
-22 Vdc > V| > -33 Vdc 
-21 Vdc > V| > -33 Vdc 

F*®9line 

Load Regulation 

Tj = +25°C, 1.0 mA « Iq < 100 mA 
.1.0 mA < Iq < 40 mA 

Flegioad 

Output Voltage 

-20.7 Vdc > V| > -33 Vdc, 1.0 mA< lo < 40 mA 
-21.4 Vdc > V| > -33 Vdc, 1.0 mA< lo<40mA 
V| =-27 Vdc, 1.0 mA < Iq < 70 mA 

Vo 

Input Bias Current 
(Tj = +25°C) 

(Tj =-Hi 25*^0 


Input Bias Current Change 
-21 Vdc > V| > -33 Vdc 
-27 Vdc > V| > -33 Vdc 

1.0 mA < Iq < 40 mA 

^'iB 

Output Noise Voltage 

(Ta= +25°C, 10 Hz < f < 100 kHz) 

Vn 

Long-Term Stability 

^VQ/At 

Ripple Rejection 

(-23 < V| < -33 Vdc, f = 120 Hz, Tj = +25°C) 

RR 

Input-Output Voltage Differential 
lQ = 40mA,Tj = +25°C 

/V|-Vq/ 


0°C < Tj < +125°C unless otherwise noted.) 



0.1 





1,7 




































































































































MC79L00C, AC Series 


MC79L24C, AC ELECTRICAL CHARACTERISTICS (V, = -33 V, to - 40 mA, C, = 0.33 pF. Cq = 0.1 ^F, 

0°C < Tj <+125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC79L24C 

MC79L24AC 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage (Tj = •♦•25°C) 

Vo 

-22.1 

-24 

-25.9 

-23 

-24 

-25 

Vdc 

Input Regulation 


Hjim 






mV 

(Tj = *2B°C) 









-27Vdc>V| >-38 V 







350 


-27.5 VdO V(?-38 Vdc 







- 


-28 Vdc > V| > -38 Vdc 




mm 



300 


Load Regulation 

Regioad 





inim 


mV 

Tj = -l-25°C, 1.0 mA < Iq < 100 mA 




200 



200 


1.0 mA < Iq < 40 mA 




100 



100 


Output Voltage 

Vo 







Vdc 

-27 Vdc >\/\> -38 V, 1.0 mA < Iq < 40 mA 


- 



-22.8 


-25.2 


-28 Vdc > V| > -38 Vdc, 1.0mA < lo<40mA 


-21.4 





- 


V| =-33 Vdc, 1.0 mA < Iq < 70 mA 


-21.4 


BH 

-22.8 


-25.2 


Input Bias Current 

l|B 




___ 



mA 

(Tj = +25°C) 




6.5 



6.5 


(Tj = -i-125°C) 




6.0 



6.0 


Input Bias Current Change 

*I|B 


niiiiiiii 

■■ 




mA 

-28 Vdc > V| > -38 Vdc 




IB 



1.5 


1.0 mA < Iq < 40 mA 







0.1 


Output Noise Voltage 

Vn 

- 

200 

- 

- 


- 

mV 

(Ta = +25°C, 10 Hz < f < 100 kHz) 






nm 



Long-Term Stability 

AVo/^t 

- 

56 

- 

- 

56 

- 

mV/I.OkHrs. 

Ripple Rejection 

RR 

30 

43 

- 

31 

47 

- 

dB 

(-29 < V| < -35 Vdc, f = 120 Hz, Tj = 250C) 









Input-Output Voltage Differential 

/V,-Vo/ 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

IO = 40 mA,Tj = -f25°C 










APPLICATIONS INFORMATION 


Design Considerations 

The MC79L00C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition. Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 
to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 


selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 iuF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. Bypassing the out¬ 
put is also recommended. 


CURRENT REGULATOR 


POSITIVE AND NEGATIVE REGULATOR 


MC79L03C 

10 

*o 

-o vvv 


{ _ 




Gnd 


0.33 mF 


Gnd 


The MC79L03, -3.0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 


3 V 

'o=-r-^'b 


The quiescent current for this regulator is typically 3.8 mA. 
The -3.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below the 
input voltage. 


"~d 

MC79LXX 

.33 mF 

— 

L' 
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MC79L00C, AC Series 


TYPICAL CHARACTERISTICS 

(T^ = +25°C unless otherwise noted.) 




0 -2.0 -4.0 -6.0 -8.0 -10 

V|, INPUT VOLTAGE (VOLTS) 


FIGURE 2- DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 



FIGURE 3 - INPUT BIAS CURRENT versus 
AMBIENT TEMPERATURE 


FIGURE 4 - INPUT BIAS CURRENT versus 
INPUT VOLTAGE 




0 -5.0 -to -15 -20 -25 -30 -35 40 

V|, INPUT VOLTAGE (VOLTS) 


FIGURE 5 - MAXIMUM AVERAGE POWER DISSIPATION 
versus AMBI ENT TEMPERATURE - TO-92 Type Packsge 



FIGURE 6 - MAXIMUM AVERAGE POWER DISSIPATION versus 
AMBIENT TEMPERATURE - TO-39 Type Package 



25 50 75 100 125 150 

Ta, AMBIENT TEMPERATURE (“O 
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MONOLITHIC NEGATIVE VOLTAGE REGULATOR 

The IV1LM104G, MLM204G, and I\/1LM304G are functionally, 
electrically, and pin-for-pin equivalent to the LM104, Ll\/I204 and 
Liyi304> respecitvely. 

• Regulation No Load to Full Load - 1.0 mV 

• Line Regulation — 0.01 %/V 

• Ripple Rejection - 0.2 mV/V 

• Temperature Stability Over Temperature Range — 0.3% 


NEGATIVE VOLTAGE 
REGULATOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



METAL PACKAGE 
CASE 603 
(TO-100) 
RflJA = 160°C/W 



CONNECTION 

AD JUSTM ENTG R 0 U N 0 


Pin 5 Electrically 
Connected to Case 
Through Substrate 


FIGURE 1 - BASIC REGULATOR CIRCUIT 


TYPICAL APPLICATIONS 

FIGURE 2 - SEPARATE BIAS 
SUPPLY OPERATION 


ORDERING INFORMATION 


GQ]Q^^9iHBflHliiE^^33SBD^^^3E3SSIE59 


FIGURE 3 - HIGH CURRENT REGULATOR 





tSolid Tantalum -L ^0.2 

Trim R1 for exact tSoiid Tantalum ■=■ I--.^ 

scale factor. tSolld Tantalum Vin<-12\ 


Circuit diagrams utilizing Motorola products are included as a means is believed to be eritirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 






















MLM104, MLM204, MLM304 


MAXIMUM RATINGS (T/i^ = +25°C unless otherwise noted) 


Rating 

Symbol 

MLM104 

MLM204 

IVILM304 

Input Voltage 

Vin 

50 

50 

40 

Input-Output Voltage 

Differential 


50 

50 

40 

Power Dissipation (See Note 1) 

Pd 

680 

680 

680 

Operatirig Temperature Range 

Ta 

-55 to t125 

-25 to +85 

0 to +70 

Storage Temperature Range 

Tstg 


-65 to +150 

-65 to+150 

Lead Temperature 
(soldering, t = 10 s) 

TS 

300 

300 

300 



ELECTRICAL CHARACTERISTICS (See Note 2) 



Input Voltage Range 


Output Voltage Range 


Output-Input Voltage Differential 
lo = 20 mA 
Iq = 5.0 mA 


Load Regulation 

0<lo<20mA, Rsc= 150 


Line Regulation 
Vo <-5.0 V, AVin = 0.1 V 


Ripple Rejection (See Figure 1) 
(Cl = lO/iF.f = 120Hz) 
Vin<-15V 
-7.0V> Vjn^ -15V 


Output Voltage Scale Factor 
Rl=2.4k SI (See Figures 1,2 and 3) 


Temperature Stability 
Vo <-1.0 V 

Vo < -1.0 V, 0°C < Ta < +70®C 


Output Noise Voltage (See Figure 1) 
(10Hz < f< 10kHz) 

Vo< -5.0 V, C, = 0 

Ci = 10»il= 


Standby Current Drain (II = 5.0 mA) 

Vo = 0 
Vo =-40 V 
Vo =-30 V 


Long Term Stability 
Vo <-1.0 V 


Note.1: 

The maximum junction temperature of the MLM104 is +150°C, for the MLIV1204 - +100°C, and for the MLM304 - ,+85°C. For operating 
at elevated temperatures, the package must be derated based on a thermal resistance of 150°C/V\/ - junction to ambient, or 45°C/W - 
junction to case. 

Note 2; 

These specifications apply for junction temperatures of -55°C to +150°C for the MLM104; -25°C to +100°C for the MLM204; and 0 to 
+85°C for the MLM304. The specifications also apply for input and output voltages within the indicated ranges (unless otherwise specified). 
Load and line regulation specifications given are for cpnstant junction temperature. Temperature drift effects must be taken into account 
separately when the device is operating under conditions of high power dissipation. 
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MONOLITHIC POSITIVE VOLTAGE REGULATOR 

The MLM105, MLM205, and MLM305 are functionally, electri¬ 
cally, and pin-for-pin equivalent to the LIV1105, LIVI205, and LM305 
respectively. 

• Output Voltage Adjustable from 4.5 V to 40 V 

• Output Currents in Excess of 10 A Possible by Addition of 

External Transistors 

• Load Regulation Better than 0.1%, Full Load with Current 

Limiting 

• DC Line Regulation, 0.03%/V 

• Ripple Rejection, 0.01 %/V 



5 
205 
305 


POSITIVE VOLTAGE REGULATOR 
SILICON MONOLITHIC 

INTEGRATED CIRCUIT 


CIRCUIT SCHEMATIC 



CURRENT LIMIT 
RECULATEO OUTPUT 


TYPICAL 

FIGURE 1 - BASIC REGULATOR CIRCUIT APPLICATIONS 


2 , «SC 

3 MLM105G '' 7 

$ Rt 


1 



1 ^ Cref 

1 , 




REGULATED OUTPUT 

CURRENT LIMIT 


BOOSTER OUTPUT® 
UNREGULATED INPUT® 


® FEEDBACK 
©REFERENCE BYPASS 


GROUND 

Note: Pin 4 connected t 
(TOP VIEW) 


ORDERING INFORMATION 


Temperature Range 




sa»i IBI!B!!lf3R!l 


[ MLM205GI - 1 -25°C to +85°C iMetal Can 




FIGURE 3 - 1.0 A REGULATOR with PROTECTIVE DIODES 

INWOl Ofl EOUIVt 

- |g ---— -—-^_*Vo = 28V 

0.2S 3tk< + 

S 1% > ^ 5 ; INMOt OR EQUIVt 


FIGURE 2-10 A REGULATOR with FOLDBACK CURRENT LIMITING 

I -♦-*---—^-■ y - ■ T -•Vo=5,ov 


2 R^EaW 2 
EQUIV 


35 V T O'* EOOlV' 


tProtectsegeinst shorted input or 
inductivi toads od unregulated 
supply. 

*Proiict$ against input voltage 
reversal 

^Protects against output voltage 
rtvenal 
























iVILMIOS, MLM205, MLM305 


MAXIMUM RATINGS (T^ = ->-25‘*C unless otherwise noted) 


Rating 

1 Symbol | 

MLM105 

MLM205 

MLM305 

Unit 

Input Voltage 


50 

50 

40 

Vdc 

Input-Output Voltage 

Differential 


40 

40 

40 

Vdc 

Power-Dissipation (See Note 1) 

Pd 

680 

680 

680 

mW 

Operating Temperature Range 

ta 


-25 to +85 

0 to +70 

®C 

Storage Temperature Range 

Tstg 

-65 to +150 



®C 

Lead Temperature 
(soldering, t = 10 s) 

Ts 

300 

300 

300 

OC 


ELECTRICAL CHARACTERISTICS (See Note 2) 


Characteristic 

Symbol 

-MLIvliSS- 

MLM205 

MLM305 

Unit 


Typ 

\iSSM 


Typ 


Input Voltage Range 

^in 

8.5 

- 

50 

8.5 

- 

40 

Volts 

Output Voltage Range 

Vo 

fgi 

- 

Esa 

4.5 

- 

30 

Volts 

Output-Input Voltage Differential 

ama 

ESI 


mm 


- 

30 

Volts 

Load Regulation (See Figure 1) 

Hegioad 

■■■ 







(0<lo<12mAI 









Rsc = 18 n, Ta = +25®C 



0.02 

0.05 


0.02 

0.05 


Rsc = ion, Ta = Thigh' 



0.03 

0.1 

^H^H 

0.03 

0.1 


RSC= 18 n,TA =T|ow" 


Hi 

0.03 

0.1 


0.03 

0.1 

eIIBI 

Line Regulation 

Regin 








Vi„-Vo<5.0V 



0.025 

0.06 


0.025 

0.06 


V,„-Vo>5.0V 


IB 

0.015 

0.03 

H 

0.015 

0.03 

HH 

Ripple Rejection (See Figure 1) 

I^BI 







%/v 

Cref= 10 (iF,f= 120 Hz 

mwaam 

B 

0.003 

0.01 

1.0 

0.003 

0.01 


Temperature Stability 

TCVo 







% 

T|pw" ^ T/^ ^ Thigh* 


- 

0.3 

1.0 

- 

BH 

1.0 


Feedback Sense Voltage 

Vref 


1.7 

iEOi 

WB^ 



MESM 

Output Noise Voltage (See Figure 1) 


m 



EH 


i^eb 

% 

(10Hz< f < 10 kHz) 









CRef = 0 



0.005 



0.005 



CRef>0.1/iF 

IIIIIIIIH 


0.002 

ii 

mi 

0.002 

BEb 


Standby Current Drain 

'b 



■■ 

EIEE 


■■ 

mA 

Vin = 50V 



0.8 



- 

iS^E 


Vi„ = 40V 


B 

- 

B 

nmE 

0.8 



Long T erm Stability 

s 

- 

0.1 

1.0 

■ - 

01 


% 


'Thigh = +125°C for MLM105 *'T|ow = -55°C for MLM105 

+85°C for MLM206 -25°C for MLM205 

+70®C for MLM305 0®C for IVILM305 


Note 1; 

The maximum (unction temperature of theMLMIOS is+150°C, for the MLWI205 —+100°C, and for the (VIUVI305+85®C. Por operating 
at elevated temperatures, the package must be derated based on a thermal resistance of 150'^C/W — junction to ambient, or 45®C/W — 
junction to case. 

Note 2: 

These Specifications apply for junction temperatures of —55°C to +150*^ for the MLM105, —25®C to +85°C for the MLiyi205, and 0 to 
+70®C for the MLM30S. Specifications also apply for input and output voltages within the indicated ranges and for a divider impedance 
sensed by the feedback terminal of 2.0 kitohms (unless otherwise specified). Load and tine regulation specifications given are for constant 
junction temperature. Temperature drift effects must be taken into account separately when the device is operating under conditions of 
high power dissipation. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola I nc: or others. 
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MLM109 

MLM209 

MLM309 


MONOLITHIC POSITIVE THREE - TERMINAL 
FIXED VOLTAGE REGULATOR 

A versatile positive fixed +5.0-volt regulator designed for easy 
application as bn on-card, local voltage regulator for digital logic 
systems. Current limiting and thermal shutdown are provided to 
make the units extremely rugged. 

In most applications only one external component, a capacitor, 
is required in conjunction with the IVILM109 Series devices. Even 
this component may be omitted if the power-supply filter is not lo¬ 
cated an appreciable distance from the regulator. 

• High Maximum Output Current — Over 1.0 Ampere in TO-3 type 
Package — Over 200 mA in TO-39 Package 

• Minimum External Components Required 

• Internal Short-Circuit Protection 

• Internal Thermal Overload Protection 

• Excellent Line and Load Transient Rejection 

• Designed for Use with Popular MDTL and MTTL Logic 


POSITIVE 

VOLTAGE REGULATOR 





f © @v 

1 INPUT OUTPUT j 

KSUFFiX 

(bOttOm\ GROUND / 

view) \ 0 / 

METAL PACKAGE 

CASE 11-01 
(TO-3 Type) 



2 

iput 

l(o 0)3 

(BOTTOM VIEW) 


G SUFFIX 
METAL PACKAGE 
CASE 79-02 
(TO-39) 


ORDERING INFORMATION 






TYPICAL APPLICATION 
FIXED 5.0 V REGULATOR 



* Required if reguiator is located an appreciable 
distance from power supply filter. 

Although no output capacitor is needed for 
stability, it does improve transient response. 




























Pd. POWER DISSIPATION (W) 


MLIVI109, MLIVI209, MLM309 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

Vin 

35 

Vdc 

Power Dissipation 

pd 

Internally Limited 


Junction Temperature Range 

MLM109 

IV|LIVI209 

MLM309 

Tj 

-55 to -H50 
-55 to +150 

0 to+125 

OC 

Storage Temperature Range 

Tstg 

-65 to +150 

OC 

Lead Temperature 
(soldering, t = 60 s) 

Ts 

300 

OC 


ELECTRICAL CHARACTERISTICS 




MLM109 / MLM209(T) 

MLM309 @ 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

4.7 

5.05 

5.3 

4.8 

5.05 

5.2 

Vdc 

Input Regulation (Tj = +25°C) 

Pegin 

- 

4.0 

50 

- 

4.0 

50 

mV 

7.0<Vin<25 V 









Load Regulation (Tj = +25°CI 

Regioad 







mV 

Case 11-01 (type TO-3) 5.0 mA < Iq ^ ).5A 


- 

50 

100 

- 

50 

100 


Case 79-02 (TO-39) 6.0 mA < Iq < 0.5A 


- 

20 

50 

- 

20 

50 


Output Voltage Range 

Vo 

4.6 

- 

5.4 

4.75 

- 

5:25 

Vdc 

7.0V<Vin<25V 

5.0 mA ^ Iq ^ lfn3X'P ^^max 









Quiescent Current (7.0 V < Vjn < 25 V) 

'b 

- 

5.2 

10 

- 

5.2 

10 

mAdc 

Quiescent Current Change (7.0 V <V|n <25 V) 

AIb 

- 

- 

0.5 

- 

- 

0.5 


5.0 mA ^ In ^ Imax 


- 

- 

0.8 


- 

0.8 


Output Noise Voltage (T;^ = •r25°C) 

Vn 

- 

40 

- 

-■ 

40 

- 

mV 

10Hz<f< 100 kHz 









Long Term Stability 

s 

- 

-. , 

10 

- 

- 

20 

mV 

Thermal Resistance, Junction to Case Q) 

ejc 







°C/W 

Case 11-01 (type TO-3) i 


- 

3.0 

T- 

- 

3.0 

; - ' 


Case 79-02 (TO-39) 


- 

15 

- 

- 

15 

- 



NOTES: 

Unless otherwise specified, these specifications apply for -55°C ^Tj +150° (-25°C ^Tj ^ + 150°C for the MLM209). For Case 79 02 
(TO-39) Vjr, = 10 V, Iq = 0.1 A, Imax = 0.2 A and P^ax = 2.0 W. For Case 11 01 (typeTO-3) Vj^ = 10 V, Iq = 0.5 A, I max = 1 0 A and 

Pmax = 20W. 

Unless otherwise specified, these specifications apply for 0°C ^ Tj ^ 125°C, “ 10V. For Case 79 02 (TO-39) Iq “ 0.1 A, I max “ 0.2A 

and Pmax == 2.0 W. For Case 11 01 (type TO-3) Iq = 0.5 A. tmax “ '>•0 ^ and Pmax = 20 W. 

Without a heat sink, the thermal resistance of the Case 79-02 (TO-39> package is about 1 50°C/W, while that of the Case 11-01 (type TO-3) 
package is aoproximately 35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on 
the efficiency of the heat sink. 

TYPICAL CHARACTERISTICS 

(Vjn = 10 V, T/^ = +25®C unless otherwise noted.) 

FIGURE 1 - MAXIMUM AVERAGE POWER DISSIPATION FIGURE 2 - MAXIMUM AVERAGE POWER DISSIPATION 

(MLM109K, MLM209kl (MLM109G, MLM209G) 




26 50 75 100 125 150 25 50 7 5 100 125' 150 

Ta, AMBIENT TEMPERATURE (OC) T^, AMBIENT TEMPERATURE (OC) 
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lo, OUTPUT CURRENT (A) Zo, OUTPUT IMPEDANCE (fl) Po, POWER DISSIPATION (W) 


MLIVI109, MLM209, MLM309 


TYPICAL CHARACTERISTICS (continued) 

(Vjn = 10 V, Ta =+25°C unless otherwise noted.) 


FIGURE 3 - MAXIMUM AVERAGE POWER DISSIPATION 


(MLM309K) 



25 50 75 100 125 150 


Ta , AMBIENT TEMPERATURE (<>0 


FIGURE 4 - MAXIMUM AVERAGE POWER DISSIPATION 
(MLMSOSG) 



25 50 75 100 125 150 

Ta, AMBIENT TEMPERATURE (<>0 



10 100 1.0 k 10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 


FIGURE 6 - PEAK OUTPUT CURRENT (K PACKAGE) 



FIGURE 7 - PEAK OUTPUT CURRENT (G PACKAGE) 




10 100 1.0 k 10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 
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IB, QUIESCENT CURRENT (mA) Vq, OUTPUT VOLTAGE (V) INPUT-OUTPUT DIFFERENTIAL (V) 


MLM109, MLM209, MLM309 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 - DROPOUT CHARACTERISTIC 

FIGURE 9 - DROPOUT VOLTAGE (K PACKAGE) 



-75 -50 -25 0 ■^25 ■f50 •^75 -HOO ■H25 -t-ISO -H75 

Tj, JUNCTION TEMPERATURE (“O 



5.0 6.0 7.0 8.0 9.0 


Vjn, INPUT VOLTAGE (V) 



-75 -50 -25 0 -^25 ■^50 m -HOO ■H25 ■H50 ■H75 

Tj, JUNCTION TEMPERATURE (“O 



10 100 1.0 k 10 k 

f, FREQUENCY (Hz) 



5.0 10 15 20 25 

Vm, INPUT VOLTAGE (V) 


FIGURE 14 - QUIESCENT CURRENT 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 


Tj, JUNCTION TEMPERATURE (“O 


4-129 











MLMlOe, MLM209, MLM309 


TYPICAL APPLICATIONS 


FIGURE 15 - ADJUSTABLE OUTPUT REGULATOR 


FIGURE 16 - CURRENT REGULATOR 



Cl J_ 

0.22 


•DETERMINES OUTPUT CURRENT. 


FIGURE 17 - 5.0-VOLT, 3.0-AIVIPERE REGULATOR 
(with plastic boost transistor) 


FIGURE 18 - 5.0 VOLT, 4.0 AMPERE TRANSISTOR 
(with plastic Darlington boost transistor) 


in 

SVy, MJE370 OR EQUIV 


MJE1090 OR EQUIV 
-1 


_ m m m 5.0 v 

47 c 1 \ / | 

A /) 0-30A 

’Awf j 

TklOMF 

. 1 ; 



FIGURE 19 - 5.0-VOLT, lO-AWIPERE REGULATOR 


FIGURE 20 - 5.0-VOLT, 10-AMPERE REGULATOR 
(with Short-Circuit Current Limiting for 
Safe-Area Protection of pass transistors) 


MJ2955 OR EQUIV 



Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
















































INTERFACE CIRCUITS 


Temperature Range 

0to70°C -55to125°C Page 

DS3645,75 — Hex Three-State Latch/Driver..5-19 

DS3647,77,147,177 — Quad Three-State MOS Memory I/O Registers ...... 5-22 

DS8641 — Quad Unified Bus Transceiver..5-25 

MC1405 MC1505 Analog-to-Digital Converter Subsystem ..5-28 

MC1406 MC1506 Six-Bit Multiplying D-to-A Converter.. 5-42 

MC1408 MCI 508 Eight-Bit Multiplying D-to-A Converter ..5-54 

MCI 411,12,13,16* Peripheral Driver Arrays..5-68 

MC1440 MC1540 Core Memory Sense Amplifiers ..5-71 

MC1444 MCI 544 AC-Coupled 4-Channel Sense Amplifier.5-74 

MC1472 — Dual Peripheral NAN D Driver.5-82 

MC1488 — Quad MDTL Line Driver. . .. . 5-85 

MC1489,A — Quad MDTL Line Receiver.5-91 

XC26S10,11 — Quad Open-Collector Bus Transceivers.5-97 

MC3232A — Memory Address Multiplexer/Refresh 

Address Counter. 5-100 

MC3245 - Quad TTL-to-MOS Driver. ;..... . 5-104 

MC3408 — Eight-Bit Multiplying D-to-A Converter.5-107 

MC3410,C MC3510 Ten-Bit D-to-A Converter.. . 5-113 

MC3416 — Crosspoint Switch.. .. . 5-125 

MC3417,18 — Continuously Variable Slope Delta 

Modulator/Demodulator. 5-134 

MC3437 — Hex Unified Bus Receiver .. 5-142 

MC3438 — Quad Unified Bus Transceiver. ..5-145 

MC3440,41,43 — Quad Interface Bus Transceivers... 5-148 

MC3446 — Quad Interface Bus Transceiver ..5-152 

XC3448 — Quad Three-State Bus Transceiver. 5-155 

MC3450,52 — Quad Line Receiver. 5-159 

MC3453 — Quad Line Driver.5-166 

MC3459 — Quad NMOS Memory Driver. 5-170 

MC3460,66 — Gate Controlled Four-Channel MOS Clock Driver .... 5-174 

MC3461 — Dual NMOS Memory Sense Amplifier.5-187 

MC3467 — Triple Preamplifier. 5-193 

MC3468 — Magnetic Read Amplifier. 5-198 

XC3480 — Memory Controller Circuit. ..5-218 

MC3486 - Quad RS-422/423 Line Receiver. 5-219 

XC3487 - Quad RS-422 Line Driver. 5-222 

MC3490,94 — Seven-Digit Gas Discharge Display Driver.5-224 

MC3491,92 — Eight-Segment Visual Display Driver. 5-230 

XC6875 — M6800 Clock Generator/Driver. 5-237 







































INTERFACE CIRCUITS (continued) 


Temperature Range 

0to70°C -55to125®C Page 

MC6880A/MC8T26A — Quad Three-State Bus Transceiver.5-238 

MC6881/I\/IC3449 — Triple Bidirectional Bus Switch..5-243 

MC6885—88/MC8T95—98 — Hex Three-State Buffer/Inverter.5-245 

MC6889/MC8T28 — Non-Inverting Bus Transceiver.5-250 

MC7524,25 MC5524,25 Dual Sense Amplifier.5-252 

MC7528,29 l\/IC5528,29 Dual Sense Amplifier with Preamplifier 

Test Points.5-255 

MC7534,35 MC5534,35 Dual Sense Amplifier with Inverted Outputs.5-258 

MC7538,39 MC5538,39 Sense Amplifier with Preamplifief Test Points. ...... 5-260 

MC8T13,23 — Dual Line Drivers.. . 5-262 

MC8T14,24 — Triple Line Receivers.5-265 

MC75107,8 MC55107,8 Dual Line Receivers.5-269 

IVIC75110 - Dual Line Driver.5-274 

MC75140 — Dual Line Receiver. 5-281 

MC75325 MC55325 Dual Memory Driver... . 5-285 

MC75365 - Quad MOS Clock Driver. 5-291 

MC75368,58 - Dual MECL-to-MOS Drivers. 5-299 

MC75450 — Dual Peripheral Driver. 5-306 

MC75451—54 — Dual Peripheral Drivers. 5-311 

MC75461—64 — High-Voltage Peripheral Drivers.5-315 

MC75491,92 — Light-Emitting Diode Drivers. 5-320 

MCC1486,87 — Quad LED Digit Drivers.5-326 

MMH0026C MMH0026 Dual MOS Clock Driver .. . 5-328 

*TA=0to85°C 
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BUS INTERFACE 


Computer Bus 


Line drivers and receivers designed to operate com¬ 
patibly. The MC8T13/MC8T14 combination is specified 

DUAL LINE DRIVERS 

MC8T13 — Open emitter driver; specified for general 
TTL systems. 

MC8T23 — Open emitter driver; specified to meet IBM 
system requirements. 


for general TTL systeni applications. The MC8T23/ 
MC8T24 combination is specifically oriented toward 
IBM 360/370 system requirements. 

TRIPLE LINE RECEIVERS 

MC8T14 — Hysteresis-equipped receiver; specified for 
general TTL systems. 

MC8T24 — Hysteresis-equipped receiver; specified to 
meet IBM system requirements. 





Ail four devices: Strobe 

TA = 0to75°C Input SI 

Packages: n®*® 

L Suffix - Case 620 input A i 
P Suffix — Case 648 g.,. 



Vqh 

® *OH * 

Device @ IqH » >59.3 mA* 
Number Volts Max 


•os «PLH 

@Vo = 0 @Cl = 15pF 
mA Max ns Max 


Davice 

Number 

Vh(R) 
Volts Min 

•ih(r) 

®V,h(R) = 3.8V 
®V|H(R)“3.11 V* 
mA Max 

‘PLHIRI 
@Cl = 15 pF 
ns Max 

MC8T14 

MC8T24 

0.3 

0.2 

0.17 

0.17* 

30 

30 






Minicomputer Bus Transceivers and receivers for 

bus organized minicomputers employing 120-ohm terminated lines. 


HEX RECEIVERS 


MC3437 — Hysteresis-equipped for improved noise 
immunity. DS8837 equivalent. 


QUAD TRANSCEIVERS 

138 

, — Open collector driver outputs allow wire- 

’ OR connection. MC3438 has hysteresis- 

equipped receiver for improved noise immunity 
(not available with DS8641). MC3438 is equivalent 
DS8838. 

Bus 3 hi... ... , ra Vcc 


Input 4 I 1 
Output 4[~2~ 
Input 5 
Output 5 
Input 60 
Output 6 1 6 
Disable bIT* 
Ground ri” 



'l(R) 

>V,(r)-4.0V 
uA Max 


Input 1 All three devices: 

Ta = 0 to 70°C 
14|Output 1 Packages: 

Input 2 MC3437 

MC3438 

Output 2 L Suffix - Case 620 ■ 

P Suffix — Case 648 ■ 


*PLH(R) 

Hysteresis @ Cl = 15 pF 
Volts Min ns Max 



Receiver Vl(bUS) 'BUS 1PLH(D) *PLH(R) 
Hysteresis @ Irus = @ V|h(bUS) “ ® Cl = @ Cl = 

Volts 50 mA 4.0 V 15 pF 15 pF 

Min Volts Max pA Max ns Max ns Max 


100 
















BUS INTERFACE (continued) 


Microcomputer Bus 

This family of devices is designed to extend the 
limited drive capabilities of today's standard 6800 and 
8080 type NMOS microprocessors. All devices are fabri¬ 
cated with Schottky TTL technology for high speed. 


General features include: 

• Single +5.0 V Power Supply Requirement 

• Three-State Logic Output 

• Low Input Loading — 200 /uA Max. 


DATA BUS EXTENDERS 

Quad, Bidirectional, with 3-State Outputs 

MC6880A/MC8T26A#-Inverting MC6889/MC8T28# - Non- 


#The$e devices may be 
ordered by either of 
the paired numbers. 


Both types: 

= 0 to 75°C 

Packages: 

L Suffix — Case 620 
P Suffix — Case 648 






1 Input Current I 

'OHL 

fPLH^'PHL 

Device 

l|H 

•IL 

Output Disabled 

Leakage Current — High Logic State 

Propagation Delay Time — High to Low or 
Low to High 

Number 

pA Max 

mA Max 

pA Max 

ns Max 

MC6880A/MC8T26A 

25 

-200 

100 

14 

MC6889/MC8T28 

25 

-200 

100 

17 


ADDRESS AND CONTROL BUS EXTENDERS 


MC6885/MC8T95# - Non-inverting 
MC6886/MC8T96#- Inverting 

Two-input Enable controls all six buffers. 



Hex, Unidirectional, With 3-State Outputs 

g MC6887/MC8T97#-Non-inverting 

MC6888/IV1C8T98#-Inverting 

six buffers. Two Enable inputs, one controlling four buffers 

and the other controlling the remaining two 
buffers. 


#These devices may be 
ordered by either of 
the paired numbers. 


AH four types: 

Ta = 0 to 75°C ® 

Packages: i„pu, c 

L Suffix — Case 620 
P Suffix - Case 648 output c 



•Add inverter for MC6886/MC8T96. 


•Add inverter for MC6888/MC8T98. 


Vql 

Vqh 




® IQL “ **8 mA 

@ IqH “ mA 

>OS 

<PLH 

tp(Enable) 

Volts Max 

Volts Min 

mA Typ 

ns Typ 

ns Typ 


























BUS INTERFACE (continued) 


Microcomputer Bus (continued) 


BIDIRECTIONAL BUS SWITCH 

MC6881/MC3449# — For exchanging TTL level digital 
information between selected pairs of ports in a 
3-port network. 


M6800 CLOCK GENERATOR 

MC6875 — Provides the non-overlapping two-phase 
clock signals for M6800 MPU systems. 



#This device may be 
ordered by either of 
the numbers. 

Both types: 

Ta = 0 to 70°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


XI 

1 

16 

ZZ3 Vcc 

X2 C=Z 

2 

15 

zn MPU 01 

Ext In CZ 

3 

14 

—1 Reset 

4 x fo CZ 

4 

13 

—1 MPU 02 

2 X fo cz: 

5 

12 

—1 System Reset 

Memory 

Ready 

6 

11 

ZZ3 DMA/Ref Grant 

Bus<^2 czz: 

7 

10 

—3 DMA/Ref Req 

Ground CZ: 

8 

9 

Memory Clock 


VOLC ~ ^ Mbx 

VqHC ~ '^CC ~ 
f„„ = 2.0 MHz Typ 


MC6881/MC344B TRUTH TABLE 


Enable I Select T Control 


Vql 

® IqL “ oiA 
Volts Max 

IQO 

@Vo = 2.7V 
pA Max 

•iL 

@ V|l-0.4V 
mA Max 

•iH 

®V|H”2.7V 
mA Max 

0.5 

25 

-200 

40 


Data Flow 

2- *3 

3- »2 
1-*3 
3-»1 

High Impedance 


Instrumentation Bus 

HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 


Devices for industrial control and data communication. 

MC26S10 — Inverting 
MC26S11 — Non-inverting 

Quad transceivers with open-collector drivers and Bothtypes- 

PNP-buffered inputs for MOS compatibility. TA = 0to70°C 


Driver 
Input B 
Receiver 
Output B 



Receiver 
Output C 
Driver 
Input C 


Driver 
input D 

Receiver 
Output D 


Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


Test 

Condition 

Limits 

VoL (D) 

IqL ^ 100 mA 

O 1.8 Voit$ Max 

'O(D) 

VqH 4.5 V 

100 /xA Max 

•OKD) 

Vqc = 0 V, 

VoH “ 4.5 V 

100 juA Max 

•iH (D) 

V,H = 2.7V 

30 iiA Max 

'IL(D) 

V||_ = 0.4V 

-0.54 mA Max 

*P (D) 

MC26S10 

15 ns Max 


MC26S11 

. 19 ns Max 

^P (R) 

Both Types 

15 ns Max 


'Inverter on MC26S11 only. 






BUS INTERFACE (continued) 
Instrumentation Bus (continued) 


QUAD INTERFACE TRANSCEIVERS 

These devices are designed to meet the HP-IB bus 
specification of IEEE Standard 488-1975, for the inter¬ 
connection of Measurement Apparatus. 


MC3440P — Three drivers with 
common Enable input; one 
driver without Enable. 


MC3441P — Four drivers with 
common Enable input. 


MC3443P — Four drivers with 
common Enable input; no 
termination resistors. 



Vcc 

Bus C 

Receiver 
Output C 
Driver 
Input C 

Enable E 

Driver 
Input D 
Receiver 
Output O 

Bus D 




MC3446P - For low-power instruments, including MOS. MC3448P - For common Send-Receive bus; 

bidirectional. 


Sertd/Rec. 
Input A 

Data A 

Bus A 
Pull-Up 
Enable 
Input A-B 
But B 

Data B 

Send/Rac. 
Input B 

Gnd 

All types; 

TA = 0to70®C 
Package — Case 648 



Receiver 
Output O 


Driver 
Input D 


Driver 
Input C 


Receiver 
Output C 



Device 

Number 

Receiver 
Input 
Hysteresis 
mV Min 

Drive 

Output Voltase 
@ Iql “ 48 mA; 
Volts Max 

Bus 

Divider Voltage 
Volts 

«PHU 
(Driver or 
Receiver) 
ns Max 

MC3440P 

400 

0.4 

2.6 to 3.75 

30 

MC3441P 

400 

0.4 

2.6 to 3.75 

30 

MC3443P 

400 

0.4 

■- 

25<D)22(R) 

MC3446P 

400 

0.4 

2.5 to 3.7 

60 

MC3448P 

400 

0.4 

2.5 to 3.7 

35 







Low-cost building blocks for construction of 0-A/ 
A-D systems. Involves use of advanced technologies 
such as ion implantation, laser trimming and CMOS 


D-A Converters 


--10-Bit-- 

--8-Bit->1 

--6-Bit-«-| I 

A1 A2 A3 A4 A5 A6 A7 AS A9 A10 



Dotted terminals available 
on 6- and 8-bit units only. 


A-D Subsystems 


processing where necessary to achieve the required 
functionai capability, operating accuracy and production 
repeatability. 


Multiplying D-A converters designed to supply an 
output current that is a linear product of an analog input 
reference voltage and a digital input word. Devices for 
6-, 8- and 10-bit digital word inputs are available. 


•o 

@ VRet = 

^Settling 2 V 

nsTyp mA Suffix Case 




Ieesi 


ICHEiniEBIIIill 

| nugi«!:igiwap-i 

Ikeeb 


120 

150 

1.9 to 2.1 




170 

300 

1.9 to 2.1 






KlgigllitJUTtW 


= -55 to 125°C, 

Devices without asterisk: = 0 to 70°C. 


2-Chip A-D Converter System Functional Diagram 



MC1505/f405 — A-D Converter 


MC1505L-tTa =-55 to 125°C - Case 620 
MC1405L - Ta = 0 to 70°C - Case 620 



These devices are relatively complex 
subsystems. The bipolar, dual-ramp A-D 
converter has up to 4-1/2-digit conversion 
capability. The CMOS logic subsystem 
specifically adapts the A-D converter to a 
3-1/2-digit DVM function. 


MC14435 — Digital Logic 

(See Semiconductor Data Library Vol. 5 for data.) 


MC14435EFL/EVL* - Ta = -55 to 125°C- Case 620 
IVIC14435FL/VL* - Ta =-40 to 85°C - Case 620 
(VIC14435FP/VP* - Ta =-40 to 85°C - Case 648 



























































MEMORY INTERFACE 


NMOS Memories to MECL Systems 


The high-speed capabilities of some NMOS memories 
(example: 7001A types) make them desirable for use 
i,n conjunction with MEGL logic for some applications. 
Yet, the positive input requirements of NMOS memories 
are incompatible with the negative voltage levels charac¬ 
teristic of the MECL family. Hence, level conversion is 
required—for both input and output matching of the 
NMOS memory. The interface devices below include 
driver/translators to feed the memory inputs and a sense 
amplifier to match the output. 

DRIVER/TRANSLATORS 

MECL-to-MOS driver/translators convert standard 
MECL 10,000 input signals to suitable levels for NMOS 

MC753681 • r^ • • u. z ■ 

mo-iroiro f" Dual Clock Line Drivers suitable for driving 
IVI 0/0*500 1 (1 , .... 

* address, control, and timing inputs. 



memory systems. The MC75358 and MC7^68 may also 
be used as positive logic NOR or non-inverting gates. 

MC10177L — Triple Line Driver for driving address and 
control inputs. 



Ta = -30 to 85°C * 

Package — Case 620 _ 



Ta = 0 to 70°C 
Packages: 

L Suffix - Case 632 
Vcca P Suffix - Case 646 


y Maximum Supply Voltage: 

MC75368 = 18V 
MC75858 = 22 V 


fSBi 

SBB! 

SSI 



''OH @ 
Volts Min 

)OH 

mA 

VoL 

Volts Max 

@ 'OL 

mA 

'DHL 
ns Max 

Cl 

@ ^ 
PF 

VcC2 - 0-3 

0.1 

0.3 

10 

26 

300 

Vcc2 - 0-3 

0.1 

0.3 

10 

24 

390 

4.0 

15 

0.5 

1.0 

6.0 

350 


SENSE AMPLIFIER 

MC3461L — Dual Sense Amplifier with MECL 10,000- 
compatible control inputs and complementary, 
open-emitter outputs. Designed for 7001 and 2105 
type NMOS IK RAMs. 


Ta = 0 to 75°C 

Package - 
Case 620 


•th 

pA Max 

tpo (Amplifier) 
ns Max 

tpQ (Enable) 
ns Max 

±200 

10 

5.0 


Outputs A 
Enable 



Reference 

Gnd. 


Outputs B 
Enable 

input 

1B 

Input 

2B 

Ampl. Input 
Termination 

(Rj) 

Vcc 
(+7.6 V) 






MEMORY INTERFACE (continued) 


NMOS Memories to 
TTL Systems 


The highly capacitive loads represented by NMOS 
memories are, in themselves, incompatible with the drive 
capabilities of conventional TTL logic circuits. So, also, 
are some of the voltage levels. The devices shown are 
used to match TTL capabilities to various types of popu¬ 
lar NMOS memories. 


YTL Address 
and Control — 
inputs 


TTL 

Clock/Chip- 

Enable 


Low Voltage Driver 


Address and Control Lines 


High.Voltage Driver 


CLOCK AND CHIP ENABLE LINE DRIVERS 
(High Level) 


MC3460 Quad Clock Drivers 
MC3466 i with Refresh Select 
MC3245 Logic 


MC75365 — Quad Clock Driver or 
High-Current NAND Gate 


MMH0026 

MMH0026C 


Dual Clock Driver 


Vddi 
Output A 

Channel 
Select A 
Enable 1 

Ref rath 
Select 
Channel 
Select 8 
Output 8 (2 



Output D Output A 
input 1A 

Select O 

Enables Input 2AB 
Enables Input SAB 
input IB 

Select C 

Output C Outputs 



vcci 

Output D 

Input O NC[T 

InputSCD Input A [2 
Input 2CD Vee 
I nput 1C Inputs [4 


Output C 

Vccs 


NC JjNC 

iputA [T-[/O-T[ Output A 

Vee (T l]Vcc 

iput B |T-® 

V_ J 

(Pin Connections for U or PI Package) 


*MC3245 — no connection; Vqq 2 not required. 

Ta = 0 to 70°C 
Packages; 

L Suffix — Case 620 , 

P Suffix - Case 648 


TA = 0to70°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


MMH0026 - -55 to 125°C 
MMH0026C - 0 to 70°C 

Packages 

G Suffix — Case 601 
L Suffix — Case 632 
U Suffix — Case 693 
PI Suffix — Case626 (For 

MI\/IH0026C only) 


Device Vqh 

Number Volts Min 


MMH0026 

MMH0026C 


•oh Vql 

mA Volts Max 



tDHL 
ns Max 

® pF 

Feature 

23 

480 

Specified for use with 4K NMOS dynamic 
memories. 

24 

480 

Specified for use with K NMOS dynamic 
memories (e.g., 7001A types). 

32 

250 

Does not require second high voltage 
supply. Low input loading. 

18 

200 

Derives power from TTL 5-V 

supply, and ^^^3 from Vss 

and V 30 supplies from NMOS merhories. 

12 

1000 

For very high capacitance loads. 











































MEMORY INTERFACE (continued) 


NMOS Memories to TTL Systems (continued) 


DATA AND ADDRESS LINE DRIVERS 
(Low Level) 

MC3459 - Quad Address Line Driver 083645) ,, _ „ , . , MC3232A — Address Multiplexer 

DS3675r^®’‘ ^ and Refresh Counter 

' Drivers. Output dump¬ 
ing resistor on DS3675 





Data B \ 4 — [ Latch | 
Output|-g-_^ ^^ 

Data C I 6 - - | Latch | 

Output[^.^ 


I Latth V - 121 Data E 


I Latch - 10 I Data D 
[5“^ Output 



Ta = 0 to 70®C 
Packages: 

L Suffix — Case 632 
P Suffix — Case 646 


Ta = 0 to 75®C 
Packages: 

J Suffix — Case 620 
N Suffix - Case 648 


Ta = 0 to 75°C 
Packages 

L Suffix — Case 649 
P Suffix — Case 623 


MC3459 


DS3645 

DS3675 


MC3232A 


•oh Vol 

mA Volts Max 



Propagation 



Delay @ 

Cl 


ns Max 

PF 

Features 

26 

360 

High fan-out capability. 

25Typ 

500 

Extremely low input currents for MOS 
input compatibility. 

25 

250 

Multiplexes the 12 address bits to the 6 
input address pins of 16-pin 4K RAMs. 


MEMORY I/O REGISTERS 
(Hex) 


B Output 

DS3647 — Inverting, 3-State 
DS3677 — Non-inverting, 3-State 

DS36147 — Inverting, Open Collector 
DS36177 - Non-inverting, Open Collector 

These registers, with two I/O ports per bit, can 
handle bidirectional data, with the direction of 
data controlled by Input Enables. An Expansion 
input disables both A and B outputs to permit 
multiplexing of other registers. 

Ta = 0 to 70°C 
Packages: 

J Suffix — Case 620 
N Suffix — Case 648 
































MEMORY INTERFACE (continued) __ 

Magnetic Memories to TTL Systems 


SENSE AMPLIFIERS 

... for Magnetic Tape Memories 


TAPE AMPLIFIER SYSTEM 



Electronic Gain 
Control 


NRZI/<^ 
Code Select 


A two-component preamplifier/amplifier combination 
that provides the interface between magnetic tape heads 
and digital logic. Suitable for both open reel and car¬ 
tridge tape systems. Triple prearhp has individually ad¬ 
justable gain controls. LSI Read Amplifier performs 
peak detection and threshold detection functions, as 
required for NRZI/phase encoded recording formats. 


MC3467 — Triple Preamplifier 


MC3468 - Read Amplifier 



Channel Select 
(A or B) 
Threshold Amplifier 
Input A 
Threshold Amplifier 
Inverting Input 
Threshold Amplifier 
Input B 

EGC 


Both types: 

Ta = 0 to 70°C 
Packages: 

L Suffix — Case 726 
P Suffix — Case 701 


Inputs A 



... for Core Memories 

Feature adjustable threshold, time 
signal discrimination, dual inputs with i 
puts, and a range of options. 


and amplitude 
ndependent out- 


Representative Diagram 
(MC5528/29)* 


vcc 

Threshold Detector 
Output TD 
Threshold 
Level Input 


Differentiation 

Components 


Gain State 
Output 



AND Output 1 
NAND Output 1 

Ta = -S5 to 125°C 

Ta = 0 to 70°C 

MC5524 

MCS528 

MC5534 

MC5538 

MC5525 

MC652d 

MC5535 

MC5539 

MC7524 

MC7528 

MC7534 

MC7538 

MC7525 

MC7529 

MC7535 

MC7539 

Vth ®> Vftef = 

15 mV = 

10 to 20 
mV 

8 to 22 
mV. 

.11 to 19 

mV 

8 to 22 

mV 

Vth ® V Ref = 

40 mV 

35 to 45 
mV 

33 to 47 
mV 

36 to 44 

mV 

33 to 47 
mV 

Max l|B = 

100 IIA 

100 pA 

75 mA 

75 mA 

Max tpLH ® 

C|,= 15 pF = 

40 ns 

40 ns 

40 ns 

40 ns 

Packages 

L Suffix — Case 620 

L Suffix — Case 620 
P Suffix — Case 648 


Test 

Points 


No 
' Yes 
No 
Yes 


•Pin assignment slightly different for devices 
without test points. 







MEMORY INTERFACE (continued) _ 

Magnetic Memories to TTL Systems (continued) 
SENSE AMPLIFIERS (continued) 


... for Plated Wire and Thin-Film Memories 

and other low-level sensing applications. 

MC1544-Ta = -55 to 1250C 
MC1444 -TA = 0to 70OC 

Features 4-channel input with decoded channel 
selection and strobed output capability. 

Packages: 

MCI 544 

L Suffix — Case 620 
F Suffix — Case 660 
MC1444 

L Suffix — Case 620 


Device 

Vth 

Vqh 

@ IqH ” -400 mA 

VoL 

@ Iql ”10 't’A 

tpD 

Number 

mV 

Volts Min 

Volts Max 

ns Max 

MCI 544 

0.5 to 1.5 

2.4 

0.5 

25 

MC1444 

0.3 to 2.3 

2.4 

0.5 

26 


CORE DRIVER 


MC55325 - Ta = -55 to 1250C 
MC75325 - Ta = 0 to 70OC 

Contains two source switches and two sink switches. 
Source and sink selection is determined by one of 
two logic inputs, and turn-on is determined by the 
appropriate strobe. 

Packages: 

L Suffix — Case 620 
F Suffix — Case 650 
P Suffix - Case 648 (MC75325 only) 



Ysat 

'off 

tPLH 


Device 

® 'sink Of 'source = 600 mA 

@ Vr.C 2 = 24 V 

(Source) 


Number 

Volts Max 

juA Max 

ns Max 


MC55325 

0.70 

150 

50 


IVIC75325 

0.75 

200 

50 
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COMPUTER AND TERMINAL INTERFACE 


Voltage Mode 


LINE DRIVERS AND RECEIVERS 
for Modem/Tertninal Applications 


RS-232C SPECIFICATION 


DRIVER 

MC1488 — Quad; output current limiting. 



RECEIVERS 


MC1489 - Quad; 0.25 V input hysteresis. 
MC1489A - Quad; 1.1 V input hysteresis. 


All devices: 

Ta = 0 to 70°C 
Package: 

L Suffix — Case 632 



Vqh Vql tPHL Device Input V|hL InPutViLH @ Rl = 390 fl 

©VccA^ee “ *9-0 V @ Vcc/VgE “ *9-0 V Iqs @>Cl = 15pF Number Volts _ Volts _ ns Max 

Volts Min Volts Max mA ns Max MC1489 1.0 to 1.5 0.75 to 1.25 50 

MC1489A 1.75 to 2.25 0.75 to 1.25 50 


6.0 to 12 175 


RS-422/423 SPECIFICATION 


DRIVER 

MC3487 — Quad; three-state outputs. 


RECEIVER 

MC3486 — Quad; three-state outputs and input hysteresis. 



Channel O 

Outputs Both devices: 

Ta = 0 to 70°C 
Packages: 

m Control L _ Qgjg g20 

P Suffix — Case 648 



VqH Vql VoD(Differential) 

' Iqh ” S® nA @ Iqu “ 48 mA @RL = 100n tp(_H/tpHI_ 
Volts Min Volts Max Volts Min ns Typ 


VtH(D) 

®V|CM = ±7.0V 

■id 

@V|o = ±10V 
Vcc = 0 to 6-25 V 

tPHL/tpLH 

tp(Control) 

Volts Max 

mA Max 

ns Typ 

ns Typ 


25 



























COMPUTER AND TERMINAL INTERFACE (continued) 


Differential Current Mode 


DRIVERS 

MC75110 — Dual; industry standard. 


RECEIVERS 

MC75107/MC55107 - Dual; active pullup output. 
MC75108/MC55108 - Dual; open collector output. 


Outputs Outpu 

Vcc 'Z .VeE ° 22 ' 


!i!D!D!D!i!Q!al 


^EE 2A 2B NC 2Y 2G 



1A IB 1C 2C 2A 28 Gnd 
Logic Inhibit Logic 

Inputs Inputs Inputs 


Ta = 0 to 70°C 

(MC75XXX) 

-55 to 125°C 
(MC55xxx) 

Pac kages: 

L Suffix — Case 632 
P Suffix — Case 646 
(l\/lC75xxx only) 



NC Output Strobe Strobe Ond 


MC3453 — Quad; common inhibit input; current sink MC3450 — Quad; active pullup outputs; common three- 
approximately 12 rriA. state enable. 

MC3452 - Quad; open collector outputs. 


Y Ll 
Output A 

Z [3 , 

Z [4 
Output C 

V [I 

Inhibit 
Input C [T 
Gnd IT 


L3 Vcc 
ri] Input B 

Ml y 

Output 6 

^ All three devices: 

—I Ta = 0 to 70°C 


Output A ^ • 
Strobe ^ ■ 
Output C R 


12| Z ^ Output 

Output D Packages: 

n] Y L Suffix - Case 620 ,„p^, 

P Suffix — Case 648 c 

InputO 


• I3j Output C 
Vee 

-Output D 


BOTH DRIVERS 


•o (on) 
mA Min 

'O (off) 
mA Max 

*PHL 
ns Max 

6.5 

too 

15 


ALL RECEIVERS 


Input VxH 
mV Max 

l|H 

@V|D = 0.5 V 
mA Max 

l|L 

@ V|o = -2.0 V 
mA Max 

iPLH 
ns Max 

*25 

75 

-10 

25 









PERIPHERAL INTERFACE 


Dual Drivers 

...for relays, lamps, and other peripherals requiring more power than generally available from logic gates. 


Representative Diagrams 

MC754XX Series MC147x Series MC75450 - Similar to MC75451, but with uncommitted 

output transistors. 


1A IB 1 Y Gnd 

(MC75451/MC75461) 


Logic gates vary to provide output shown: 



(MC1472) 


Logic Output 

•bVcer 

(Including 

Transistor Inversion) 

30 V 

30 V 

35 V 

70 V 

Hi-Z Input 

AND 

MC75451 

SN75451B* 

MC75461, 

MC1471 # 

NANO 

MC75452 

SN75452B* 

MC75462 

MC1472 

OR 

MC75453 

SN754538’ 

MC76463 

MC1473# 

NOR 

MC75454 

SN75454B* 

MC75464 

MC1474# 


*Sdme as equivalent MC types, but with guaranteed switching limits. 
#To be introduced. 


2A 2Y 28 2C 2E strate 

TTirtTirirUTTUTTL^^ 



All Devices 

Ta = 0 to 70°C 

Pac kaging: 

IVIC75450 

L Suffix — Case 632 
P Suffix — Case 646 
IVIC75451-54/MC75461 -64 
P Suffix — Case 626 
U Suffix — Case 693 
MC1471-74 

PI Suffix — Case 626 
U Suffix - Case 693 


Driver Arrays 


. . Seven Darlington transistors with output clamp 
diodes. 


Device 

Number 

Application 

input Element 

MC1411 

General Purpose 

Basic 

MC1412 

14-25 V PMOS 

Zener and Series 10.5-kX2 



resistor 

MC1413 

5 V CMOS or TTL 

Series 2.7 kJZ resistor 

MC1416 

8-18 V MOS 

Series 10.5 kil resistor 


All Types: 

VMax = 50 V 
•Max = 500 mA 

Ta = 0 to 85°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 




Dual Receiver 


MC75140P1 — Dual single-ended receiver with common 
strobe and reference inputs for maximizing noise 
immunity. Useful for bus-organized (party line) 
TTL systems. 


Vth 

VRef 

fPLH(L) 

±100 V 

1.5 to 3.5 V 

35 ns 


Ta = 0 to 70°C 
Package — Case 626 


Vcc O'Jtput Ref Line 
2 Input Input 2 



Output Strobe Line Gnd 
1 Input input 1 
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NUMERIC DISPLAY INTERFACE 


. . . formating multiplexed LED or gas discharge numeric displays to MOS or TTL logic systems. 


LED Drivers for Common-Cathode Displays 


IVIC75491 -f Quad segment driver 


MC75492 — Hex digit driver 


Input 1 I 1 
Emitter 1 
Collector 1 

Gnd [X 
Collector 2 | 5 
Emitter 2 [i; 
Input 2 I 7 



14| Input 4 
13 I Emitter 4 
^ 2 ] Collector 4 

111 ''ss 

10] Collector 3 
3 Emitter 3 
8 I Input 3 


Both Devices: 

Ta = 0 to 70°C 
Packages: 

L Suffix — Case 632 
P Suffix — Case 646 


Output 1 I 1 
Output 2 
Input 2 
Gnd I 4 
Input 3 E 
Output 3 [ 6^ 
Output 4 


- 14| Input 1 

- 1 3| Output 6 

- 12| Input 6 

H] Vss 

- 10| Input 5 

- 9 | -Output 5 

- ^ Input 4 


Device 

@ V| = 10 V 

Vql 

@ 'OL 

Vss 

Number 

mA Max 

Volts Max 

mA 

Volts Max 

MC75491 

3.3 

1.2 

250 

10 

MC73492 

3.3 

1.2 

50 

10 


Gas Discharge Drivers 


MC3491 

MC3492 


— Eight segment cathode drivers with 
programmable current. 


Programming 

Current 



Output 1 
Output 2 
Output 3 
Output 4 ^ 

Output 5 
Output 6 
Output 7 
Output 8 
Substrate (Gnd) 


All Devices: 

Ta = 0 to 70°C 


Package: P Suffix — Case 701 


Device 

Number 

Output 

ON Current 
mA Max 

Breakdown 
Voltage 
Volts Min 

Current 
Deviation 
(All 8 Outputs) 
% Max 

Output Voltage 
Compliance 
Range 

Volts 

MC3491 

1.85 

80 

10 

5.0 to 50 

MC3492 

5.25 

80 

10 

5.0 to 50 



MC3490 - High Level 
MC3494 — Low Level 

Seven digit anode drivers 


•Inverter on MC3494 only. 
Package: P Suffix — Case 648 


Device 

Number 

Breakdown 
Voltage 
Volts Min 

Input Voltage 
(OFF-State) 
Volts 

Input Voltage 
(ON-State) 
Volts 

Input 
Current 
fiA Max 

MC3490 

MC3494 

48 

48 

-5.0 Min 

-2.0 Max 

-2.0 Max 

-5.0 Min 

45Q 

-350 































COMMUNICATION INTERFACE (Telephony) 


Crosspoint Switch 

MC3416 — Low-cost solid-state crosspoint switch 
offers important advantages in modern telephone 
exchanges employing space-division switching. 
Features 4x4 two-wire monolithic structure for 
PABX applications. Select inputs are both CMOS 
and TTL compatible. 

Ta = 0 to 70°C 
Packages: 

P Suffix — Case 649 
L Suffix — Case 623 


roff 

® VaK = 10 V 
Mn Min 

•■on 

@> Iak “ 20 mA 
Ohms Max 

BVak 

BVka 

Volts Min 

VaK 

@ - 20 mA 

Volts Max 

100 

10 

25 

1.1 




Anode j'' 

A1 L__ 



Cathode r""^ 
V2 I , ■ 



Ro 4^ Select 1 

z Li_ 



Cathode j" "" 

22 1_ 



Column r-^ 
S*l»ct A 1 



Column r— 
Select B 1 



Column i-y- 
SeiectC 1 _l 


E "r 

Column r— 

Select D 1 


^ ^ 1 Anode 

1 C2 

c-zr* E 


.n Anode 

E O, 

Rov. Select 


^ 1 Cathode 

1 Wl 

Cathode | ^ ^ ! 


Row Select 

Anod. 

02 1 


1 Cathode 

JU xt 


V_ J 


Voice Encoding/ Decoding 

Simplified voice encoding/decoding using continuous 
Variable Slope Delta Modulator (CVSD) technique. 

MC3417 — 3-bit algorithm; for military secure commu¬ 
nication applications. 

MC3418 — 4-bit algorithm; telephone quality. 

Ta = 0 to 70°C* 

Packages: 

L Suffix — Case 620 
P Suffix — Case 648 

•Military temperature range devices (MC3517/18) to be 
offered in early 1977. 



Sample Rate 

Total Loop 

tpp. Clock Trigger 

Device 

Samples/s 

Offset Voltage 

to Output 

Number 

Typ 

mV Max 

PS Max 

MC3417 

16 k 

+ 5.0 

2.5 

IV1C3418 

38 k 

+ 2.0 

2.5 


Analog j ^ 

Analogi ^ 
PeadbackI ^ 

Gain r*7~- 
Control L— 

Ref 

- Input (♦) 

Input ( 


:,CE 

;^ci: 

six 


16 |VCC 

E Encode/ 
Decode 

X]c,oc. 

-^CDinclds 

Output 

"^Digital 


CVSD Encoder 


Block Diagrams 


CVSD Decoder 









Product Preview 


HEX THREE-STATE 
LATCH/DRIVERS 


HEX LATCH/DRIVERS FOR MOS MEMORIES 

These latch/drivers are intended to drive capacitive loads up to 
500 pF associated with MOS memory systems. They feature PNP 
buffered inputs for low input loading, Schottky technology for high 
speed, and three-state configuration for bus type operation. 

Fail-through latches are utilized which capture the data in parallel 
with the output, thereby eliminating the delay encountered in other 
latch circuits. The devices may be used either for the address or 
input/out data lines in MOS memory systems. 

The DS3645 version provides an internaMB ohm series damping 
resistor on each output, while the DS3675 features a low impedance 
output for use with or without an external resistor. 

• Low Input Loading Ensured by PNP Buffered Inputs 

• Heavy Drivers for Highly Capacitive Loads 

• Three-State Outputs Permit Multiplying Outputs 

• Schottky Technology for High Speed 


Rating 

Symbol 

Power Supply Voltage 

Vcc 

Input Voltage, High Logic State 

V|H 

Input Voltage, Low'Logic State 

V|L 

Output Current, High Logic State 

•OH 

Output Current, Low Logic State 

•OL 

Operating Ambient Temperature 

ta 

Storage Temperature 

^stg 

Junction Temperature 

Plastic Package 

Ceramic Package 

Ta 



Input Output 

Enable Disable 


Data 

Input Output 


H 


Operation 


Data Feed Thru 


Data Feed Thru 


Latched to Data Present 
When Enable Went Low 


High Impedance Output 


This Is advance Information and specifications are subject to change without notice. 



SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




J SUFFIX 

CERAMIC PACKAGE 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648 



MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 




Device 


DS3645N 


ORDERING INFORMATION 


Temperature 

Range 


0 to 70®C 


Plastic DIP 


Ceramic DIP 


Plastic DIP 


Ceramic DIP 
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DS3645, DS3675 



ELECTRICAL CHARACTERISTICS (Vgc = +5.0 Vdc, T/^ = 0 to +70°C, typical values 
measured at T/^ = 25°C unless otherwise noted.) 


SWITCHING CHARACTERISTICS (Add 15 n series resistor on DS3675 version. 
Vcc = 5-0 V, = 25®C, unless otherwise noted.) 



MOTOROLA Semiconductor Rroducts Inc. 
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SWITCHING TIMES WAVEFORMS AND CIRCUITS 


FIGURE 1 - DATA INPUT TO OUTPUT 



To Scope 
(Input) 


Pulse 

Generator 


To Scope 
(Output) 

- Output T 

D —WV—* 

5 15 X _ 

3 (DS3675T 

6 only) — 


FIGURE 2 - HIGH IMPEDANCE TO OUTPUT LEVEL 



To Scope To Scope 

(Input) (Output) '^CC 


Output 2 k 


Pulse 

Generator 


15 4:50pF 

(DS367^ 


FIGURE 3 - LOGIC LEVEL TO HIGH IMPEDANCE 



To Scope To Scope 

(Input) (Output) ''CC 


I Output ] 4Q0 


Pulse 

Generator 


s' 15 X , 
3 (033675]^ 

6 only) — 


MOTOROLA Semiconductor Rroductm inc. 
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DS3647,D$36147 

DS3677,DS36177 


Product Preview 


QUAD THREE-STATE MOS MEMORY I/O REGISTERS 

These 4-bit bidirectional 1/0 buffer registers are well suited for 
MOS memory systems. They all employ Schottky technology for 
high speed fall-through latches which capture data in parallel with 
the output, and PNP buffered inputs for low input loading and MOS 
campatatibility. 

The DS3647 and DS3677 feature three-state logic on the B nodes 
while the DS36147 and DS36177 use open-collector nodes. All 
types have three-state logic on the A nodes. Data flowing from node 
A to B is inverted on the DS3647 and DS36147 and not inverted on 
the remaining types. 

The architecture of these registers with two pins per bit allows 
them to handle both input and output data. Direction of flow is 
controlled by the Input Enables. The latch control causes the 
register to hold the data present at the time Latch is taken low and 
to display the data at the outputs. Data can be latched into the 
register without regard to the condition of the Output Disable or 
Expansion Inputs. The Output Disables may be used to take either 
or both outputs to the high impedance state (B node on DS3647 and 
DS3677 version only). The Expansion Input disables both A and B 
outputs to permit multiplexing other registers. 

• Schottky Technology for High Speed — 15 ns (Typ) 

• Fall-Through Latches for Minimum Delay 

• PNP Buffered Input for Low Input Loading 

• Choice of Inverting or Non-Inverting Version 

• Bidirectional Data Flow 

• Provisions for Easy Expansion 

• Choice of Either Three-State or Open-Collector Line Driver 

Type Output (B) 


QUAD THREE-STATE 
MOS MEMORY I/O REGISTERS 

SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 





DS3647 

DS3677 

DS36147 

DS36177 


This is advance information and specifications are subject to change without notice. 


Temperature Range — (All Types) 0 to +70°C 

Device 

Package 

DS3647N, DS3677N 

Plastic DIP 

0S36147N, DS36177N 

Plastic DIP 

DS3647J, DS3677j 

Ceramic DIP 

DS36147J, DS36177J 

Ceramic DIP 
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DS3647, DS3677, DS36147, DS36177 



MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted). 


Rating 


Power Supply Voltage 


Input Voltage 


Operating Ambient Temperature 


Storage Temperature 



ELECTRICAL CHARACTERISTICS (V^c = 5.0 V, T/^ = 0 to +70°C, typical values at T/:^ = 25°C unless otherwise noted.) 


Characteristic 


Input Voltage — Low Logic State 


Input Voltage High Logic State 


Input Current — Low Logic State 
(Vcc_l5-5 V, ViL = 0.5 V) 
Latch, Disable Inputs 
Data Pins (A or B) 

Enable Inputs 


Input Current — High Logic State 
(V cc = 5 .5 V,V|H = 5.5 V) 
Latch/ Disable Inputs 
Data Pins (A or B) 

Enable Inputs 


Input Clamp Voltage 

(Vcc = 4.5V, ltc = -18mA) 


Output Voltage — Low Logic State 
A Port 

(Vcc = 4.5V, lot = 20 mA) 

B Port 

(Vcc “ ^-5 V, lot “ 100 mA) 


Output Voltage — High Logic State 
A Port 

(Vcc “ 4-0 V, Iqh “ "1-0 mA) 

B Port 

(Vcc = 4.5 V, Iqh = -5.2 mA) DS3647. DS3677 only 


Power Supply Current 
(Vcc = 5.5 V) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V,Ta = 25OC) 


Propagation Delay Time — A to B or B to A 
(Cl = 50pF) 


Propagation Delay Time — Disable to A or B Output 

(Cl = 50 pF, RL = 390 n to Vqc) DS3647, DS3677 only 
(Cl = 50 pF, Rl - 390 U to Gnd) DS3647, DS3677 only 
(Cl = 50 pF, Rl = 2.0 k to Vcc) DS3647, DS3677onlv 
(Cl = 50 pF, Rl = 2.0 k to Gnd) DS3647, DS3677 only 


Setup Time of Data Input Before Latch Goes Low 


Hold Time of Data Input After Latch Goes Low 


(^) MOTOROLA SemiconduGtor RrGdfucttt IrtG. 


















































































DS3647, DS3677, DS36147, 0836177 



Output Disables 




H = High Logic State 
L = Low Logic State 
X = Don't Care 

Z = High Impedance "Third" State 


A1-A4 

B1-B4 

Comments 

Z 

A 

Data Input A, Output 8 

B 

Z 

Data Input B, Output A 

Hi-Z 

Q 

Data stored which is present when Latch 
went low 

Q 

Z 

Data stored which is present when Latch 

went low 

Z 

Z 

Both A and B Hi-Z 

Data Input on A, may be latched 

z 

z 

Both A and B Hi-Z 

Data Input on B, may be latched 

z 

z 

Both A and B Hi-Z 


1) Hi-Z on DS3647 and DS3677 Three-State types only. 

2) Data may be Latched into the register independent of the 
Output Disables or Expansion. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

p _ Tj(max) ‘Ta 

, " Roja(Tvp) 

Where: PqITa) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
, as listed in the Maximum Ratings Section 

Ta = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


MOTOROLA Semiconductor Rroducte Inc. 


5-24 
























DS8641 


Advance Information 


QUAD UIMIFIED TRANSCEIVER 

Consists of four pair of drivers and receivers with the output of 
each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employing terminated 120 Ti lines. A disable function con¬ 
sisting of a two-input NOR gate is provided to control all four 
drivers. Up to 27 driver/receiver pairs can share a common line. 

• Receiver Input Threshold Is Not Affected by Temperature 

• Open Collector Driver Outputs Allow Wire-OR 

• TTL Compatible Receiver Outputs and Disable and Driver Inputs 

• Driver Propagation Delay = 15 ns 

• Receiver Propagation Delay = 20 ns 

• Guaranteed Minimum Bus Noise Immunity = 0.6 V 

• Low Bus Terminal Current (Supply On or Off) = 30 ps typ 


TRUTH TABLES 


RECEIVER SECTION 


DRIVER SECTION 


Bus 

Output 

Vih(R) > V 

L 

V|L(R) < l-S 

H 


Where; L = Low Logic State 
H = High Logic State 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Disable 1 

Disable 2 

Input 

Bus 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 



Rating 

Symbol 

Value 

Supply Voltage 

vcc 

7.0 

Input and Output Voltage 

Vo. V| 

5.5 

Junction Temperature Plastic 

Ceramic 

Tj 

150 

175 

Operating Ambient Temperature Range 

Ta 

0 to +70 

Storage Temperature Range 

Tstg 

-65 to +150 


This is advance information and specifications are subject to change without notice. 

5-25 


QUAD UNIFIED BUS 
TRANSCEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




PIN CONNECTIONS 


I 





111 Input 2 
Output 2 


ORDERING INFORIVIATION 











































ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 0 < ^ 70°C and 4.75 ^ Vcc ^ 5-25 V 


Characteristic 

Symbol 

Disable Input Voltage — High Logic State 

V|H(DA) 

Disable Input Voltage - Low Logic State 

V|L(DA) 

Driver 1 nput Voltage — High Logic State 

V|h(D) 

Driver Input Voltage — Low Logic State 

V|L(Dj 

Receiver Input Threshold Voltage — High Logic State ■ 

(V|L(D) = 0-8 V, Iol(R) = 16 mA, Vqlir) < 0.4 V) 

V|lh(R) 

[ . 

Receiver Input Threshold Voltage — Low Logic State 

(V|L(D) = 0-8 V, IqhIR) = -400 pA, VqhIR) ^ 2.4 V) 

V|HL(R) 

Disable Input Current — High Logic State 
(V|H(D) = 2.4 V, V|h(da) = 2.4 V) 

(V|H(D) = 8.5 V, V|h(dA) = 6.5 V) 

'IH(DA) 

Driver Input Current — High Logic State 
(V|H(DA) = 2.4 V; V|h(d) = 2.4 V) 

(V|H(DA) = 5.5 V, V|h(DI = 5.5 V) 

•|H(D) 

Disable Input Current — Low Logic State 
,(V|L(DA) = 0.4 V, V|l(D) = 0.4 V) 

'IL(DA) 

Driver I nput Current — Low Logic State 
(V|L(D) “ 0.4 V, Vil(dA) = 0.4 V) 

l|L(D) 

Bus Current 

(V|L(DA) = 0.8 V, V|l(D) = 0.8, V|h(BUS) = 4.0 V) 

(VcC = 5.25VI 
(Vgc = 0V) 

Ibus 

/ 

Bus Voltage — Low Logic State 

(VtL(DA) = 0.8 V. Vin(Q) = 2.0 V, Iqus = 50 mA) 

Vl(BUS) 

Receiver Output Voltage — H igh Logic State 

(V|L(DA) = 0.8 V, V|l(D) = 0.8 V, V|L{bUS) = 0.5 V, 

IOH(R) “-400pA) 

VOH(R) 

Receiver Output Voltage — Low Logic State 

(V|L(DA) = 0.8 V, V|l(d) “ 0.8 V, V|H(8US) = 4.0 V, 

IOL(R) = 16mA) 

VOL(R) 

Receiver Output Short Circuit Current 

(V|L(DA) = 0.8 V, V|L(D) = 0.8 V, V|l(buS) = 0.5 V, 

Vcc "5.25 V) 

'OS(R) 

\ 

Power Supply Current 

(V|L(DA) = 0 V, V|h(d) = 2.0 V) 

'cc 

Input Clamp Diode Voltage 

(I|(dA) = l|(D) = 'bus =-12 mA) 

V| 


SWITCHING CHARACTERISTICS (Ta = 


Characteristic 


Propagation Delay Time from Disable Input to 
High Logic Level Output 
Propagation Delay Time from Disable Input to 
Low Logic Level Output 


Propagation Delay Time from Driver Input to 
High Logic Level Output 


Progpgation Delay Time front Drive Input to 
Low Logic Level Output 


Propagation Delay Time from Bus Input to 
High Logic Level Output 


Propagation Delay Time from Bus Input to 
Low Logic Level Output 


25°C, Vcc ~ V unless otherwise noted.) 


Symbol 




(^) MOTOROLA Semiconductor Products Inc. 
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FIGURE 2 - DRIVER AND DISABLE TEST CIRCUIT AMD WAVEFORMS 


To Scope 
(Input) 


(Ju > 

Generator \. J ^51 < 



(Output) Disable 

T 4 Input 

T (DA) 0 V 


vql - 

^PLH(DA) 


3 V 

Driver 

Input 1 -5 V ■ 

(D) 0 V-' 



-1.5 V 
■^*PLH(D) 


FIGURE 3 - RECEIVER TEST CIRCUIT AND WAVEFORM 


To Scope 
(Input) 


To Scope 

(Output) ® V 


Pulse / 
Generator' 


V".' 

.fNn_ 


r- r 

"— ^ 



1/4 DS8641 


Receiver 

Output ggQ J 


1N916 or 
Equiv ] 


0 V - 

VoH - 

Output 

Vql- 

'PHL(B) • 


REPRESENTATIVE CIRCUIT SCHEMATIC 

(1 /4 Shown) 


R1 < < R2 < R3 


Jr6 ^ R8 <R10<R11 <R13<R14 

_,, D5V ,,_,_ 

, . Q14 Q15 


J rj 

Q17 i-[ Q20 



r N * * * 

rQ7 


1 Q12 

kj 

h 


1 

03 

. y ■. 





06 

_ Receiver 








MC1405L 

MC1505L 


Temperature Range 


0“C to +70®C 
-SS^C to +125“C 


Package 


Ceramic DIP 
Ceramic DIP 


MC1405L 

MC1505L 


DUAL RAMP A/D CONVERTER SUBSYSTEM 

The MC1505/IV1C1405 is intended to perform the dual ramp function for 
either a 3-1/2 or 4-1/2 digit DVM or use as a general-purpose analog-to-digital 
(A/D) converter. It can be combined with the McMOS I\/1C14435 logic system 
to produce the complete 3-1/2 digit DVM function. 

The MCI 505 uses the proven dual ramp A/D conversion technique. The 
subsystem consists of an on-chip voltage reference, a pair of voltage/current 
converters, an integrator, a comparator, a current switch and associated con¬ 
trol and calibration circuitry. Only one capacitor and two calibration 
potentiometers are required for normal operation. 

• Accuracies to 13 Bits 

• Low Power Consumption: 42 mW @ -1-5.0 V 

• Single Power Supply Operation — -t5.0 V to -H5 V 

• Low Power Supply and Temperature Sensitivity 

• Digital Inputs and Outputs Compatible with Both MTTL and 

McMOS 

• Accepts Either Positive or Negative Input Voltages 

• Combines with MC14435 to Produce 3-1/2 Digit A/D Converter 


FIGURE 1 - COMPLETE A/D CONVERTER SYSTEM 

, Full Seal* int.uraior '' 0^ O * ®'' Clock 


ANALOG-TO-DIGITAL 
CONVERTER SUBSYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




FIGURE 2 - PIN CONNECTIONS AND FUNCTIONAL DIAGRAM (as used in Figure 11 



TYPICAL APPLICATIONS 

BCD A/D Converter: 2-1/2 to 4-1/2 Digits (LSI or MSI Logic) Other Uses: 

. Panel Meters Data AcquisitI 

Digital Voltmeters Voltage to Fre 

Portable Instruments Delta Modulal 

Industrial Measurement and Control 

Binary A/D Converter: 8-to-13 Bits (LSI or MSI Logic) 

Industrial Measurement and Control 

High Noise Environments (Integrating Converter with MTTL, MHTL, and McMOS Compatibility) 


Other Uses: 

Data Acquisition Systems with Remote MCI 505 
Voltage to Frequency Conversion 
Delta Modulation and Signal Generation 





















MC1405, IVIC1505 


MAXIMUM RATINGS 


Characteristic 

Symbol 

Value 

Unit 

Power Supply Voltage 

'^CC 

-H6.5 

Vdc 

Digital Input Voltage - 

Vfo 

+16.5 

Volts 

Reference Input Voltage 

'/R 

2.0 

Volts 

Unknown Input Voltage Range 

VI 


Volts 


V2 



Zero Calibration Control Pin Voltage 

V4 

5.0 

Volts 

Power Dissipation (Package Limitation) Ceramic Dual In-Line Package 

Pd 

1000 

mW 

Derate above T^ = -r25°C 


6.0 

mW/°C 

Operating Ambient Temperature Range 

Ta 



MC1505L 


. -55 to+125 


MC1405L 


0 to +70 


Storage Temperature Range 

Tstg 

-65 to +150 



ELECTRICAL CHARACTERISTICS (Vcc= +15 Vdc, Vr = 1.000 Vdc, VI = 2.000 Vdc, V2 = 0.000 Vdc, V10> 2.0 Vdc, 
_T/\ = 25°C unless otherwise noted.) ■__ 





1 MC1505 I 

I MC1405 1 


Characteristic 

Symbol 

Figure 

KE3HH2S3HSS^I 

1 

1 

Unit 


A/D CONVERSION SYSTEM (1) 


Linearity: Deviation from Straight 

Line through Zero and Full Scale (2) 

Er 

9, 

11' 

- 

±0.01 

±0.05 

- 

+0.01 

±0.05 

%F.S. 

Mid-Scale Power Supply Sensitivity 
(PSSof Ir-(Ix + Iq). VI = 1.0 V) 

PSSF 

3 

m 

0.002 

±0.02 

- 

0.002 

±0.02 

%!% 

Zero Calibration Power Supply Sensitivity 
(V1 = V2=0V) \ 

PSSZ 

9 

- 

0.001 

- 

- 

0,001 

- 

%F.S./% 

Input Common Mode Serisitivity 
(Vx = 2.0 V, VcM = V2 is varied) 

ICMSIxl 

3 

- 

0.0006 

0.0012 

- 

0.0006 

0.0018 

%/mV 

Full Scale Temperature Drift 

|TCF| 

9 

- 

0.001 

- 

- 

0.001 

- 

%/°C 

Zero Calibration Temperature Drift 

ITCZl 

9 

- 


- 

- 

0.0005 




VOLTAGE REFERENCE 


Reference Voltage, Pin 11 

Vref 

3 

1.15 

1.25 

1.35 

mm 

1.25 

LliJ 

Vdc 

Reference Voltage Power Supply Sensitivity 

PSSVref 

3 

- 

0.003 

±0.01 

- 

0.003 

■ana 

%/% 

Reference Voltage Temperature Drift 

ItcvrefI 

3 

- 

0.005 

- 

- 

0.005 


%I°C 


REFERENCE CURRENT CONVERTER 


Reference Current 

Ir 

3 

- 

250 

- 

- 

250 

- 

mA 

Input Bias Current 

114 

3 

- 

10 

40 

- 

10 

40 

nA 

Input Range of Vr 

V14 

3 

0.8 

- 

1.2 

mm 

- 

1.2 

Vdc 

Input Offset Voltage (V14-V15) 

|Vrr| 

3 

- 

1,0 

2.5 

- 

2.0 

5.5 

mV 


INPUT CURRENT CONVERTER 


Unknown Current 

lx 

3 

- 

500 

. - 

- 

500 

- 

HA 

Input Resistance 

Ri 

3 


4.0 

- 

- 

4,0 

- 

kn 

Input Differential Range 

Vx 

3,10 

0 

2.0 

- 

0 

2.0 

- 

Volts 

Input Common Mode Range 

CMR 

3,10,12 


- 

+1.5 

mm 

- 

mam 

Volts 

Input Bias Currents 

11 

3,9 

Bfll 

200 

- 

- 

200 


IJ.A 


12 



-300 

- 

- 

-300 



Input Offset Voltage (V13-V3) 

IVxxl 

3 


1.0 

2.5 

- 

2.0 

5.5 

mV 

RAMP OFFSET SOURCE 


Ramp Offset Current 

'o 



25 

- 

- 

25 

- 

,mA I 


(1) System parameters measured using external voltage reference, indeprendent of VII = Vrer. 

Integrator Capacitor = 2.0 mF 
Clock Frequency = 30 kHz 
Vcc=15V 

(2) Does not include quanitizing error. See Figure 11 for calibration. 


5-29 


















































































































































































MC1405, MC1505 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Vr = 1.000 Vdc, VI = 2.000 Vdc, V2 = 0.000 Vdc, V10>2.0 Vdc, 

Ta = 25°C unless otherwise noted.) 




mu 

MC1505 

MC1406 


Characteristic 

Symbol 


IQQB |jQ3H BSSU 


1 Unit 


CURRENT SWITCH 


Digital Input Logic Levels, Pin 10 

High Level, Logic "1" 

Low Level, Logic "0" 

V|H 

V|L 

3,18 

3,18 

B 

■ 

0.8 

2.0 

■ 

0.8 

Vdc 

Vdc 

Digital Input Current 

High Level, Logic "1" 

•IH 

3 


0 

1.0 


n 

1.0 

mA 

Low Level, Logic "0" 

l|L 

3 


-5.0 

-50 



-50 

pA 


INTEGRATOR 


Input Bias Current 

16 1 

Li_ 

- 

10 

30 

- 

10 

50 

nA 

Output Voltage Swing 

High 

Low 

V7 

■ 

12.8 

13.0 

0.2 

0.35 

12.8 

13.0 

0.2 

0.35 

Volts 


COMPARATOR 


Output Logic Levels, Pin 9 

High Level, Logic "1" ♦ x . 

Low Leve, Logic “O" ^ ° 

(Sink Current =1.6 mA) 

I -I 

O O 
> > 

3 

3 

13.5 

14.0 

0.35 

0.5 

13.5 

14.0 

0.35 

0.5 

Volts 

Input Threshold 

1 Vth(7) I 

- 

0.9 

1.0 

1.1 

0.9 

1.0 

1.1 



POWER SUPPLY 


Power Supply Current 
(Vcc - +5.0 Vdc) 

(Vcc = 5.0 Vdc) 

'cc 

3 

3 

H 

8.4 

9.0 

12.0 

13.0 

■ 

8.4 

9.0 


mA 

Power Supply Voltage Range 

Vcc 

- 

|4.75 1 

- 

16.5 

1^75 J 

- 

16.5 

Vdc 

Power Dissipation 

Pd 

■■■Ill 







mW 

(Vcc = +5.0 Vdc) 




42 

60 


42 

60 


(Vcc = +15.0 Vdc) 




135 

195 

m 

135 

195 



T|ow = -55°C for MC1505L, 0°C for MC1405L 
Thigh= +125°Cfor MC1505L, +70°C for MC1405L 


FIGURE 3 - STANDARD TEST CONFIGURATION 

Vcc 1.000 V Vrep Vcc 


•r- Vql 

>2 V 


16 <;> 15 <? 14 <> 13(1 

10 , 


<0 


1.8 V J 


2.000 V 1 

•— 

'X' VqH 0.1 4: 


(|) 14 I 13(j)12 (j)1 


Note: A test for functional 
parts may be performed 
using a pulse generator on 
Pin 10. 


FIGURE 4 - Iq measurement 
Vcc 1 000 V 1.8 V 


vl t i! 

•x 'r 


1 t 8 { 




MM i 

100 pF 


^ Vcc-Vql 

1.6 mA 
VqH 


Note: All dc supplies 
bypassed with 0.1 mF. 


FIGURE 5-16 MEASUREMENT 
Vcc 1.000 V 2.0 V 
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MC1405, MC1505 


GENERAL INFORMATION 


Dual Ramp Analog-to-Digital Conversion 

The dual ramp method of A/D conversion is a proven 
system which is capable of very high accuracy. The con¬ 
version is an integrating process which offers high noise 
rejection and immunity to changes in the clock rate and 
integrator capacitor value. The particular method used in 
the MCI505 is a noniterating dual slope technique which 
produces an accurate result after one conversion period. 

Dual ramp conversion is accomplished with the system 
of Figure 2. The conversion begins at time t1, when current 
lx causes the integrator output, or ramp, to cross the 
comparator threshold, as shown in Figure 6. The clock is 
activated and the counters begin counting from zero. The 
system counts for a fixed period T, with a ramp slope 
which depends on the input voltage, i.e., a steep slope is 
caused by a high input voltage. When the counters have 
reached full scale, the overflow count triggers a 2 flip- 
flop which changes the ramp control polarity current. Ir 


A/D Subsystem Circuit Description 

The MCI505 incorporates special circuit features which 
allow all the analog functions of the dual ramp system to 
be performed on a single monolithic chip using standard 
bipolar processing. 

Voltage-to-current conversion for both the input and 
reference voltages allows the use of a high-speed current 
switch and single supply operation. The unbuffered dif¬ 
ferential inputs have sufficiently high input impedance for 
power supply monitoring applications, and provide flexi¬ 
bility for other input formats since they will accept either 
positive or negative voltages. 

The voltage reference, shown in Figure 7, is one of the 
six basic circuits in the subsystem. It provides a low im¬ 
pedance output which has excellent temperature stability, 
and high power supply rejection. Biasing for the other 
circuits in the MCI505 is derived from the voltage 
reference circuitry. 


FIGURE 6 - DUAL RAMP A/D CONVERSION WAVEFORMS 



now controls the integrator and the down ramp begins at 
t2. This ramp continues at a fixed slope for a time period 
which depends on the amplitude achieved by the up ramp. 
Thus T2 is determined by the input voltage. When the 
ramp crosses the comparator threshold at t3, the clock 
stops and the counter holds a digital value which is pro¬ 
portional to the unknown input voltage. 

After the down ramp crosses the comparator threshold, 
a timing sequence in the digital section strobes the latches 
to store the data, resets the counters, and reverses the 
ramp at t4 to begin a new conversion. 

Since the voltage change across the capacitor is equal 
on the up and down ramps, an equal amount of charge is 
exchanged. The equations of Figure 6 show that the 
system output is the ratio of the unknown and reference 
currents, and long term changes in the clock rate and 
integrator capacitor do not effect the reading, 


The same basic amplifier circuit is used in both the 
reference and input voltage-to-current converters. It is an 
extremely well balanced amplifier with low input offset 
voltage temperature drift. The reference converter uses a 
pair of PNP transistors to derive current Ir, in conjunction 
with a reference resistor which has the same temperature 
coefficient as those used in the input converter. The value 
of the reference current is Vr/R 5. The collectors of 
transistors Ql, Q2 and Q3 in Figure 7 all track with a two 
diode temperature coefficient, which assures constant 
current ratios. 

The reference resistor value can vary by 30% of 4.0 
kn due to process variations. Moreover, these variations 
will also affect the input bridge resistors. Thus, the ratio 
of reference to unknown current has a close tolerance for 
a wide range of resistor values. 





MC1405, MC1505 


The input voltage-to-current converter is a bridge or 
bilateral current source whose output current is Vx/R 1. If 
the bridge is perfectly balanced, its output impedance and 
common mode rejection are infinite. However, the design 
has the ability to tolerate bridge mismatches of approxi¬ 
mately 0.5%. In order to tolerate this mismatch, the 
output of the bridge current source is connected to the 
current switch which is a low temperature coefficient, low 
impedance source of 1.25 volts. This technique effectively 
eliminates output current changes due to finite output 
impedance which is caused by resistor mismatch. This 
input current converter makes possible the use of a single 
supply voltage and differential inputs which can be used at 
or below ground potential. 

An important feature of the MCI505 is the ramp offset 
current source which is added to the unknown current and 
does not allow 'the ramp to reach zero slope when the 
input voltage is zero. The ramp range is shown in Figure 8. 
The ramp offset current has a value of Ir/10, so that the 
minimum ramp slope is 5% of the full scale slope. This 
allows reliable conversion at low input voltages by assuring 
a nearly constant comparator propagation delay and a 
good ramp signal-to-noise ratio. It also prevents turn-off 


of the diode in the current switch at low levels, re¬ 
stricting the voltage change at the output of the resistor 
bridge. Still another feature is that it provides a con¬ 
venient temperature compensated zero adjust which can 
correct errors in the resistor bridge and input buffer 
amplifiers when they are used. The ramp offset current is 
compensated by 100 extra counts in the digital logic 
during ramp down, so it does not appear in the digital 
output (see Figure 8). 

The current switch uses current steering for very high 
speed operation. A smooth transition occurs as one current 
is turned on while the other is turned off. This minimizes 
error during the ramp reversal at its peak, especially since 
the reference current source has a very high output im¬ 
pedance and does not change value when switched. The 
settling time of the input current converter is not a factor 
in system accuracy. At the ramp peak, lx is turned off, so 
the amplifier settles after the unknown current is de¬ 
coupled from the integrator. When the ramp is below the 
comparator threshold, the unknown current is switched on 
and thus the current can settle before the ramp enters the 
active conversion range. The switch operates into a voltage 
of 1.95 volts and is translated by a follower so its input 
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FIGURE 7 - A/D CONVERTER ANALOG SUBSYSTEM 
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FIGURE 8 - MC1505 SYSTEM TIMING DIAGRAM 
(2.0-Volt Full Scale Input) 



threshold is 1.25 volts. 

The integrator is a single stage, wide bandwidth ampli¬ 
fier. Its low propagation delay and low output impedance 
minimize ramp spikes due to output current reversal during 
ramp turn-around. The input bias current is typically one 
part in 50,000 of the full scale current, so that its temper¬ 
ature change contributes negligible error. Gain and input 
off^t voltage are not critical since the integrator is driven 
from current sources. 

The comparator is designed for low hysteresis by 
maintaining a constant power dissipation regardless of 
output state. This hysteresis is typically 0.1 mV and 
remains constant with temperature variations, so that no 
measurable system error is contributed. Temperature vari¬ 


ations in the value of the comparator threshold are notan 
error factor, since the only requirement is that the 
threshold remain constant during a given conversion cycle. 
Voltage gain of the comparator is 2,000,000 when driving 
CMOS, and 40,000 with one TTL load. The comparator 
output is slew rate controlled to provide output rise and 
fall times of approximately 80 ns. This minimizes noise 
generation which could affect system stability. 

The system is zero,ed and full scale calibrated by 
potentiometers which provide temperature compensation. 
All the other resistors are diffused in close proximity, 
yielding reference and unknown currents which have a 
closely tracking resistive temperature coefficient. 
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APPLICATIONS INFORMATION 


The input configurations for the MCI505 are shown 
in Figure 10. Note that the differential input voltage must 
always remain the same polarity with Pin 1 positive with 
respect to Pin 2. Figures 10 and 12 will aid in the under¬ 
standing of the input circuitry. 

The input common mode rejection of the MC1505 is 
high enough to maintain rated accuracy with small changes 
in connmon mode voltage, such as would be seen with 
ground errors and noise. The system must be recalibrated, 
however, for larger changes in common mode input 
voltage. 

The MC1505 is arranged so that lx = Ir when 
Vx = Vr, or so that the ramp slopes are equal for input 
and reference voltages of 1 volt. As shown in Figure 8, a 
system with a 2 volt full-scale input requires twice as 
many digital counts during T2 as for T1. A system with a 
1 volt full scale would require an equal number of counts 
in T1 and T2. Figure 9 illustrates a 3-1/2 digit system, 
but typical accuracies of the MCI505 allow its use in 4 
digit applications. It can also be used in systems which 
require 4-1/2 digit resolution. 

The ramp offset current and 100 count delay are shown 
in Figure 8. In certain applications, a different number of 
counts may be used. The system will not always operate 
properly, however, with a 10 count delay since the ramp 
offset current is used to zero the system and compensate 


for error in the input resistor bridge. This error, known as 
•XO- is current which flows to or from the input con¬ 
verter with zero volts applied to.the input. It is typically 
between ±5.0 ^A, which is 1% of full scale in a 2 volt 
system. A 10 count delay would need a 0.5% ramp offset 
current, which would not always be able to cancel this 
error. Also, a 10 count delay does not provide enough 
signal-to-noise margin for consistently accurate low-level 
conversion. 

The integrating capacitor is chosen with the equations 
shown in Figure 9. The maximum ramp voltage should 
be used for best signal-to-noise ratio, but temperature 
changes in lx, Ir and the capacitor should be anticipated 
to prevent integrator saturation. Variations in clock fre¬ 
quency should also be considered. A non-polar capacitor 
with low dielectric absorption should be used for highest 
accuracy. 

The lower half of the diode current switch is split with 
separate diodes for lx and Iq. In most applications Pins 
12 and 13 will be connected so that the two device 
emitters are effectively one, since the main purpose of 
these pins is for testing. Connecting these pins allows 
proper system zero adjustment and prevents turn-off of 
the switch diode with low unknown current levels. This 
yields better conversion accuracy. 
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FIGURE 9b - McMOS DIGITAL SUBSYSTEM 
3-1/2 Digit BCD A/D Converter 
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NOTES: 

1. NOR Gates — MC14001 or equiv. 
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2. The clock period should be greater than 
twice the worst case ripple delay through 
the counters to achieve full accuracy. 
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FIGURE 10 - ANALOG INPUT RANGE 


The input circuit for the MCI 505 has a unipolar differential 
input range of +2 volts and a bipolar connmon mode input range 
of ±1.5 volts. 


Positive Input: 

Vx=V1- V2 Vx Range 0 to+2.0 V 
VCM=V2 VcM Range ±1.5 V 




FIGURE 11 - CALIBRATION SET-UP 




Zero Calibration: 

SeTstandard at 0.0005 V. 

Adjust zero potentiometer for panel meter display transition 
between 0.000 and 0.001 V. Note: Ah analog Input of 
-1 mV yields a reading of 0.099. 

Repeat zero and full scale calibration until meter is calibrated 
at both ends of the scale. 

Full Scale Calibration: 

Set standard at 1.9995 V. 

Adjust full scale potentiometer for panel meter display tran¬ 
sition between 1.999 and 1.000 V. (overrange) 

Linearity Test: 

Adjust standard for the desired panel meter transition and 
record the value of the standard. 








Ice, POWER SUPPLY CURRENT (mA) Ix, UNKNOWN CURRENT (mA) V2, COMMON-MODE INPUT VOLTAGE (VOLTS) 
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TYPICAL PERFORMANCE CURVES 


FIGURE 12 - MAXIMUM COMMON-MODE INPUT 
VOLTAGE versus TEMPERATURE 


FIGURE 13- INPUT CURRENT versus INPUT VOLTAGE 


r" 

1 























HI 









IB 












_ 








— 







- 

■— ■ 





























Note: VI limits the common mode 






capability of the input converter. I 




















7.0 1.4 

2 % 

6.0 ll] 

o h- 

> z 

U1 cc 

C3 CC 


0 2S 75 

T, TEMPER ATUREIOC) 


Note: Observe common mode and temperature. 
. limitation shown in Figures 10 and 12 


-5.0 -4.0 -3.0 -2.0 -1.0 0 1.0 2.0 3.0 4.0 

VI or V2, ANALOG INPUT VOLTAGE (VOLTS) 


FIGURE 14 - UNKNOWN CURRENT versus ANALOG 
INPUT VOLTAGE 


FIGURE 15 - REFERENCE CURRENT versus REFERENCE 
INPUT VOLTAGE 






+0.5 +1.0 +1.5 +Z.U +2.5 +3.0 +3.5 

Vx, ANALOG INPUT VOLTAGE (VOLTS) 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

Vr, REFERENCE INPUT VOLTAGE, PIN 14 (Vdc) 


FIGURE 16 - TYPICAL POWER SUPPLY CURRENT 
versus POWER SUPPLY VOLTAGE 


FIGURE 17 - TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE 
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FIGURE 18 - CURRENT SWITCH TRANSFER 
CHARACTERISTIC 


FIGURE 19 - INTEGRATOR OUTPUT SWING 
versus TEMPERATURE 
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FIGURE 20 - COMPARATOR THRESHOLD 
versus TEMPERATURE 
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FIGURE 22 - CURRENT MEASUREMENT CIRCUITRY 



If a voltage drop of 2.0 V full scale can be tolerated the 
resistors may be increased by a factor of ten and a unity gain 
buffer may be employed. 


FIGURE 21 - RAMP CURRENT RATIO 
versus POWER SUPPLY 
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FIGURE 23- DVM VOLTAGE RANGING 
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FIGURE 24 - MTTL DIGITAL SUBSYSTEM 
12 Bit Binary A/D Converter 
(1.0 Volt Full Scale, B12 Count Delay) 



Overrange 


Notes: 

1. NAND Gates = MC7400 or equiv. 
NOR Gates = IVIC7402 or equiv. 
Inverters = MC7404 or equiv. 

2. The clock period should be greater 
than twice the worst case ripple delay 
through the counters to achieve full 
accuracy. 

3. The counter delay should be 
approximately 10% of Tl, 
hence 512 counts. 
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FIGURE 25 - 12-BIT BINARY A/D LOGIC SUBSYSTEM 
USING McMOS 





FIGURE 26 - CIRCUIT TO PREVENT POSSIBLE LATCHUP 
WITH APPLICATION OF NEGATIVE INPUT VOLTAGES 


The MCI405/1505 A/D analog subsystem is intended 
for positive input voltages only (i.e., pin 1 positive with re¬ 
spect to pin 2). However, should pin 2 become more than 
100 mV positive with respect to pin 1, the internal input 
amplifier may go into a latchup mode which will require 
that the system power be turned off and then reapplied to 
reset the system. To prevent this problem a PNP transistor 
can be used as shown in the accompanying figure. The 
base-emitter junction of the transistor clamps pin 13 at 
one diode drop above the reference voltage (pin 11) to 
prevent the latchup. The gain of the transistor insures that 
the reference need not sink more than 500 fiA of current. 

The 47 kn resistor is required only if the A/D system 
is to continue to convert under reverse polarity conditions 
such as for autopolarity schemes as shown in Engineering 
Bulletin EB-35. 


*47 kn resistor required if conversions are to continue during 
input polarity reversal, otherwise tie pins 12 and together. 
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MC1506L 


Specifica.tio]iis a^xid Applica,tionis 
Infor>m£i.tion 


SIX BIT, MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


. . . designed for use where the output current is a linear product 
of a six-bit digital word and an analog input voltage. 


• Digital Inputs are MDTL and MTTL Compatible 

• Relative Accuracy — ±0.78% Error maximum 

• Low Power Dissipation — 85 mW typical @ ±5.0 V 

• Adjustable Output Current Scaling 

• Fast Settlihg Time--150 ns typical 

• Standard Supply Voltage: -tS.O V and-5.0 V to-15 V 


SIX BIT, MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - OUTPUT CURRENT SETTLING TIME 
(ALL BITS SWITCHED, Rl = 50 O) 


FIGURE 2 - D-to-A TRANSFER CHARACTERISTICS 




TYPICAL APPLICATIONS 


Tracking A-to-D Converters 

• 

Stepping Motor Drive 


Successive Approximation A-to-D Converters 

• 

CRT Character Generation 


Digital-to-Analog Meter Readout 

• 

Digital Addition and Subtraction 

• 

Sample and Hold 

• 

Analog-Digital Multiplication 

• 

Peak Detector 

• 

Digital-Digital Multiplication 


Programmable Gain and Attenuation 

• 

Analog-Digital Division 


Digital Varicap Tuning 

• 

Programmable Power Supplies 

• 

Video Systems 

• 

Speech Encoding 
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MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

< < 
m o 
m o 

+5.5 
' -16.5 

Vdc 

Digital Input Voltage 

V5 thru Vio 

+8.0, Vee 

Vdc 

Applied Output Voltage 

Vo 

±5.0 

Vdc 

Reference Current. 

<12 

5.0 

mA 

Reference Amplifier Inputs 

V 12 , Vi3 

Vcc. Vee 

Vdc 

Power Dissipation (Package Limitation) 

. Ceramic Package 

Derate above T/\ = +25°C 

Pd 

1000 

6.7 

mW 

mW/°C 

Operating Temperature Range 

MC1506L 

MCI406L 

Ta 

-55 to +125 

0 to +70 

oc 

Storage Temperature Range 

Tstg 

-65 to +150 

"C 


ELECTRICAL CHARACTERISTICS (^CC ~ ■'■5-0 Vdc, Vgg - —15 Vdc, ~ 2.0 mA, all logic inputs in low logic state 
Ta ~ Tfiigh 10 T|ow. unless otherwise noted.) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Relative Accuracy (Error relative to full scale Iq) 

10 

Er 

- 

- 

±0.78 

% 

Settling Time (within 1/2 LS8 (includes 1^1 Ty^ = +25®C) 

9 

Is 

- 

150 

300 

ns 

Propagation Delay Time 

Ta = +25°C 

9 

tPHL. 

tpLH 

- 

10 

50 

ns . 

Output Full Scale Current Drift 



- 

80 

- 

PPM/"C 

Digital Input Logic Levels 

3,14 





. Vdc 

High Level, Logic “1" 


V|H 



- 


Low Level, Logic "0" 


V|L 

n 

■ 

0.8 


Digital Input Current 

3,13 

■pull 




mA 

High Level, V|h = 5.0 V 




0 

+0.01 


Low Level, V| i_ = 0.8 V 


■n 

HBH 

-0.7 

-1.5 


Reference Input Bias Current (Pin 13) 

3 

'13 

-1 

-0.002 

-0.01 

mA 

Output Current Range 

3 

'or 


■■ 


mA 

Vee = -5.0 V 


0 


2.1 


Vee = -6.0 to-15 V 



0 


4.2 


Output Current 

3 

'o 




mA 

Vref = 2.000 V, R12 = 1.000 kn 


1.9 

1.97 

2.1 


Output Current 

3 

lo(min) 




pA 

(all bits high) 


- 

0 

10 

Output Voltage Compliance 


Vo+ 

HBIH 

+0.25 

+0.1 

Vdc 

(Er< + 0.78% at Ta =+25°C) 

■IH 

Vo- 

H 

-0,45 

-,0.3 


Reference Current Slew Rate 

8,15 

SR \fgf 




mA/us 

(Ta = +25^0 



2.0 

- 

Output Current Power Supply Sensitivity 

10 

PSRR(-) 


0.002 

0.010 

mA/V 

Power Supply Current 

3,11,12 





mA 

A1 thru A6; V|l = 0.8 V 


•cc 


+7.2 

+11 


A1 thru A6 ;V|h = 2.4 V 


'EE 


-9.0 

-11 


Power Dissipation (all bits high) 


Pd 




mW 

Vee - -5.0 Vdc 



85 

120 


Vee ~ “15 Vdc 




175 

240 



’Thigh = +70°C for MC1406L T|ow = 0°C for MC1406L 
= +125°Cfor MC1506L =-55°C for MC1506L 

























































































































MC1406L, IVIC1506L 


The l\/IC1506L consists of a reference current amplifier, 
and R-2R ladder, and six high-speed current switches. For 
many applications, only a reference resistor and a reference 
supply voltage need be added. 

The switches are inverting in operation, therefore a low 
state at the input turns on the specified output current 
component. The switches use a current steering technique 
for high speed and a termination amplifier that consists of 
an active load gain stage with unity gain feedback. The 
termination amplifier holds the parasitic capacitance of the 
ladder at a constant voltage during switching and provides 
a low impedance termination of equal voltage for all legs 
of the ladder. 

The R-2R ladder divides the reference amplifier current 
into binarily-related components which are fed to the 
switches. Note that there is always a remainder curtent 
that is equal to the least significant bit. This current is 
shunted to ground, and the maximum current is 63/64 of 
the reference amplifier current, or 1.969 mA for a 2.0 mA 
reference current if the NPN current source pair is 
perfectly matched. 


5 


BLOCK DIAGRAM 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 


FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUIT FIGURE 4 - OUTPUT CURRENT versus OUTPUT VOLTAGE 



and A(\j = 0 i( Afj is at high level 
A[\j » I if A [\| is at low level 


FIGURE 5 - MAXIMUM OUTPUT VOLTAGE 
versus TEMPERATURE 

in AI —1-1-1-1-1-1-1-1— 



-55 0 50 100 150 

T, TEMPERATURE (OC) 



FIGURE 8 - REFERENCE CURRENT SLEW RATE 

FIGURE 7 - NEGATIVE Vref MEASUREMENT TEST CIRCUIT 
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POWER SUPPLY CURRENT (mA) 
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TEST CIRCUITS and TYPICAL CHARACTERISTICS (continued) 

FIGURE 9 - TRANSIENT RESPONSE 




FIGURE 10 - RELATIVE ACCURACY TEST CIRCUIT 



FIGURE 11 - TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE 
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FIGURE 12 - TYPICAL POWER SUPPLY CURRENT versus VgE 
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TYPICAL CHARACTERISTICS (continued) 


GENERAL INFORMATION 


FIGURE 13 - LOGIC INPUT CURRENT versus INPUT VOLTAGE 



FIGURE 14 - MSB TRANSFER CHARACTERISTICS 
versus TEMPERATURE (MSB IS "WORST CASE") 



FIGURE 15 - REFERENCE INPUT FREQUENCY RESPONSE 


Unless otherwise specified: 

R12 = R13= 1.0kJ2 , 

RL = 50f2(pin 4 to G^ID) 

Curve.A: Large Signal Bandwidth 
(Method of Figure 6) 

Vref = 2.0 V(p-p) offset 1.0 V above 
Curve B: Small Signal Bandwidth 
(Method of Figure B) • 

Vref " 00 mV(p-p) offset 200 mV above 
Curve C: Large and Small Signal Bandwidth 

(Method of Figure 22vyith no op ampi, 
RS=RL = 50n 
Vref = 2.0 V 

Vs = 120 mV(p p) centered at 0 V 
0.1 0.2 

f, FREQUENCY (MHz 



Output Current Range 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages below -6.0 volts, 
due to the increased voltage drop across the 400-ohm 
resistors in the reference current amplifier. 


Output Voltage Compliance 

The MC1506L current switches have been designed for 
high-speed operation and as a result have a restricted out¬ 
put voltage range, as shown in Figures 4 and 5. When a 
current switch is turned "off", the follower emitter is 
near ground and a positive voltage on the output terminal 
can turn "on" the output diode and increase the output 
current level. When a current switch is turned "on", the 
negative output voltage range is restricted. The base of 
the termination circuit Darlington amplifier is one diode 
voltage below ground; thus a negative voltage below the 
specified safe level will drive the low current device of the 
Darlington into saturation, decreasing the output current 
level. 

For example, at ■f 25°C the allowable voltage compliance 
on Pin 4 to maintain six-bit accuracy is +0.1 to -0.3 
Volts. With a full scale output current of 2.0 mA, the 
maximum resistor value that can be connected from Pin 4 
to ground is 150 ohms. 



Accuracy 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full scale current. The relative accuracy of 
the IVICIBOGL is essentially constant with temperature due 
to the excellent temperature tracking of the monolithic 
resistor ladder. The reference current may drift with 
temperature, causing a change, in the absolute accuracy 
of output current. 

The best temperature performance is achieved with a 
-6.0 V supply and a reference voltage of -3.0 volts. These 
conditions match the voltage across the NPN current source 
pair in the reference amplifier at the lowest possible volt¬ 
age, matching and optimizing the output impedance of 
the pair. 

The MC1506L/MC1406L is guaranteed accurate to with¬ 
in ±1/2 LSB at +25°C at a full scale output current of 
1.969 mA. This corresponds to a reference amplifier out¬ 
put current drive to the ladder of 2.0 mA, with the loss of 
one LSB = 31 /iA that is the ladder remainder shunted to 
ground. The input current to Pin 12 has a guaranteed 
current range value of between 1.9 to 2.1 mA, allowing 
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GENERAL INFORMATION (continued) 


some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 10. The 12-bit 
converter is calibrated for a full scale output current of 
1.969 mA. This is an optional step since the MC1506L 
accuracy is essentially the same between 1.5 to 2.5 mA. 
Then the MC1506L full scale current is trimmed to the 
same value with R12 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 6-bit D-to-A converters may not be used to con¬ 
struct a 12-bit accurate D-to-A converter. 12-bit accuracy 
implies a total error of ±1/2 of one part in 4096, or 
±0.012%, which is more accurate than the ±0.78% specifi¬ 
cation provided by the MC1506L. 

Multiplying Accuracy 

The MC1506L may be used in the multiplying mode 
with six-bit accuracy when the reference current is varied 
over a range of 64:1. The major source of error is the 
bias current of the termination amplifier. Under "worst 
case" conditions these six amplifiers can contribute a total 
of 6.0 fxA extra current at the output terminal. If the 
reference current in the multiplying mode ranges from 
60 j^A to 4.0 mA, the 6.0 pA contributes an error of 
0.1 LSB. This is well within six-bit accuracy. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. Typi¬ 
cally, the MCI 506L is monotonic for all values of reference 
current above 0.5 mA. The recommended range for 
operation with a dc reference current is 0.5 to 4.0 mA. 

Settling Time 

The "worst case" switching condition occurs when all 
bits are switched "on", which corresponds to a high-to-low 
transition for all bits. This time is typically 150 ns to 
within ±1/2 LSB, while the turn "off" is typically under 
50 ns. 

The slowest single switch is the least significant bit, 
which turns "on" and settles in 50 ns and turns "off" in 
30 ns. In applications where the D-to-A converter func¬ 
tions in a positive-going ramp mode, the "worst case" 
switching condition does not occur, and a settling time 
of less than 150 ns may be realized. 

Reference Amplifier Drive and Compensation 

The reference amplifier provides a voltage at Pin 12 for 
converting the reference voltage to a current, and a turn¬ 


around circuit or current mirror for feeding the ladder. 
The reference amplifier input current, 112, must always 
flow into Pin 12 regardless of the setup method or reference 
voltage polarity. 

Connections for a positive reference voltage are shown 
in Figure 6. The reference voltage source supplies the full 
current 112. Compensation is accomplished by Miller feed¬ 
back from Pin 14 to Pin 13. This compensation method 
yields the best slew rate, typically better than 2.0 mA/ps, 
and is independent of the value of R12. R13 must be used 
to establish the proper impedance for compensation at 
Pin 13. For bipolar reference signals, as in the multiplying 
mode, R13 can be tied.to a negative voltage corresponding 
to the minimum input level. Another method is shown 
in Figure 22. 

It is possible to eliminate R13 with only a small sacri¬ 
fice in accuracy and temperature drift. For instance when 
high-speed operation is not needed, a capacitor is connected 
from pin 14 to The capacitor value must be increased 
when R12 is made larger to maintain a proper phase 
margin. For R12 values of 1.0, 2.5, and 5.0 kilohms, 
minimum capacitor values are 50, 125, and 250 pF. 

Connections for a negative reference voltage are shown 
in Figure 7. A high input impedance is the advantage of 
this method, but Miller feedback cannot be used because 
it feeds the input signal around the PNP directly into the 
high impedance node, causing slewing problems and hjgh 
frequency peaking. Compensation involves a capacitor 
to Vee 01^ "^^ing the values of the previous para¬ 

graph. The negative reference voltage must be at least 
3.0 V above VeE- Bipolar input signals may be handled 
by connecting R12 to a positive reference voltage equal to 
the peak positive input level at Pin 13. 

When a dc reference voltage is used, capacitive bypass 
to ground is recommended. The 5.0 V logic supply is not 
recommended as a reference voltage. If a well regulated 
5.0 V supply which drives logic is to be used as the refer¬ 
ence, R12 should be decoupled by connecting it to +5.0 V 
through another resistor and bypassing the junction of 
the two resistors with 0.1 pF to ground. For reference 
voltages greater than 5.0 V, a clamp diode is recommended 
between Pin 12 and ground. 

If Pin 12 is driven by a high impedance such as a 
transistor current source, none of the above compensation 
methods apply and the amplifier must be heavily compen¬ 
sated, thus decreasing the overall bandwidth. 



MC1406L, MC1506L 


APPLICATIONS INFORMATION 
FIGURE 16 - OUTPUT CURRENT VOLTAGE CONVERSION 



Voltage outputs of a larger magnitude are obtainable 
with this circuit which uses an external operational ampli¬ 
fier as a current to voltage converter. This configuration 
automatically keeps the output of the MC1506L at ground 
potential and the operational amplifier can generate a 
positive voltage limited only by its positive supply voltage. 
Frequency response and settling time are primarily deter¬ 
mined by the characteristics of the operational amplifier. 
In addition, the operational amplifier must be compensated 
for unity gain, and in some cases overcompensation may 
be desirable. 

Note that this configuration results in a positive output 
voltage only, the magnitude of which is dependent on 
the digital input. 

The following circuit shows how the MLIVIGOIAG can 
be used in a feedforward mode resulting in a full scale 
settling time on the order of 2.0 ps. 



An alternative method is to use the MCI 539G and input 
compensation. Response of this circuit is also on the 
order of 2.0 ps. See Motorola Application Note AN-459 
for more details on this concept. 

FIGURE 18 


(To pin 4 
of MC1506U 

0 . 


The positive voltage range may be extended by cas- 
coding the output with a high beta common base tran¬ 
sistor, Q1, as shown. 



The output voltage range for this circuit is 0 volts to 
BVcBO of transistor. Variations in beta must be 
considered for wide temperature range applications. An 
inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the 
collector of the transistor. Also, high-speed operation is 
possible with a large output voltage swing. 
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APPLICATIONS INFORMATION (continued) 


Combined Output Amplifier and Voltage Reference 

For many of its applications the MC1506L requires a' 
reference voltage and an operational amplifier. Normally 
the operational amplifier is used as a current to voltage 
converter and its output need only go positive. With the 
popular MCI 723G voltage regulator both of these functions 
are provided in a single package with the added bonus of 
up to 150 mA of output current, see Figure 19. Instead 
of powering the MC1723G from a single positive voltage 
supply, it uses a negative bias as well. Although the refer¬ 
ence voltage of the MC1723G is then developed with 
respect to that negative voltage it appears as a common¬ 
mode signal to the reference amplifier in the D-to-A con¬ 
verter, This allows use of its output amplifier as a 
classic current-to-voltage converter with the non-inverting 
input grounded. 

Since ±15 V and +5.0 V are normally available in a 
combination digital-to-analog system, only the -5.0 V 
need be developed. A resistor divider is sufficiently accu¬ 
rate since the allowable range on pin 5 is from -2.0 to 
-8.0 volts. The 5.0 kilohm pulldown resistor on the ampli¬ 
fier output is necessary for fast negative transitions. 

Full scale output may be increased to as much as 32 volts 
by increasing Rq and raising the +15 V supply voltage to 
35 V maximum. The resistor divider should be altered to 
comply with the maximum limit of 40 volts across the 
MC1723G. Cq may be decreased to maintain the same 
RqCo product if maximum speed is desired. 


Bipolar or Negative Output Voltage 

The circuit of Figure 20 is a variation from the standard 
voltage output circuit and will produce bipolar output 
signals. A positive current may be sourced into the sum¬ 
ming node to offset the output voltage in the negative 
direction. For example, if approximately 1.0 mA is used 
a bipolar output signal results which may be described 
as a 6-bit "1's" complement offset binary. Vref may be 
used as this auxiliary reference. Note that Rq has been 
doubled to 10 kilohms because of the anticipated 20 V 
(p-p) output range. 


FIGURE 20 - BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 



Programmable Power Supply 

The circuit of Figure 19 can be used as a digitally 
programmed power supply by the addition of thumbwheel 
switches and a BCD-to-binary converter. The output volt¬ 
age can be scaled in several ways, including 0 to +6.3 volts 
in 0.1-volt increments, ±0.05 volt; or 0 to 31.5 volts in 
0.5-volt increments, ±0.25 volt. 

FIGURE 19 - COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 



Polarity Switching Circuit, 6-Bit Magnitude Plus 
Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity 
switching circuit. The circuit of Figure 21, gives 6-bits 
magnitude plus a sign bit. In this configuration the oper¬ 
ational amplifier is switched between a gain of +1.0 and 
-1.0. Although another operational amplifier is required, 
no more space is taken when a dual operational amplifier 
such as the MC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 


FIGURE 21 - POLARITY SWITCHING CIRCUIT 
(6-Bit Magnitude Plus Sign D-to-A Converter) 








MC1406L, MC1506L 

APPLICATIONS INFORMATION (continued) 


Programmable Gain Amplifier or Digital Attenuator 

When used in the multiplying mode the MC1506L can 
be applied as a digital attenuator. See Figure 22. One ad¬ 
vantage of this technique is that if Rg = 50 ohms, no 
compensation capacitor is needed and a wide large signal 
bandwidth is achieved. The small and large signal band- 
widths are now identical and are shown in Figure 15. 


The best frequency response is obtained by not allowing 
112 to reach zero. Rg can be set for a ±1.0 mA variation 
in relation to I ^ 2- M 2 oari never be negative. 

The output current is always unipolar. The quiescent 
dc output current level changes with the digital word that 
makes ac coupling necessary. 


FIGURE 22 - PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 


FIGURE 24- DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 



Panel Meter Readout 

The MC1506L can be used to read out the status of 
BCD or binary registers or counters in a digital control 
system. The current output can be used to drive directly 
an analog panel meter. External meter shunts may be 
necessary if a meter of less than 2.0 mA full scale is used. 
Full scale calibration can be done by adjusting R12 or Vref. 


FIGURE 23- PANEL METER READOUT CIRCUIT 




Digital Subtraction, 
le, Yiel’ - Yl!!? 

Rl2i fi122 

Programmable Amplifier: 

Connect digital inputs so A = 6 

II |R12) H122j 

This digital subtraction application is useful for indi¬ 
cating when one digital word is approaching another in 
value. More information is available than with a digital 
comparator. 

Bipolar inputs can be accepted by using any of the 
previously described methods, or applied differentially to 
R12i and R122 o'" R13l arid R132. Vq will be a bipolar 
signal defined by the above equation. Note that the circuit 
shown accepts bipolar differential signals but does not have 
a negative common-mode range. A very useful method is 
to connect R12i and R122 to a positive reference higher 
than the most positive input, and drive R13i and R132. 
This yields high input impedance, bipolar differential and 
common-mode range. The compensation depends on the 
input method used, as shown in previous sections. 
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APPLICATIONS INFORMATION (continued) 

FIGURE 25 - DIGITAL SUMMING and CHARACTER FIGURE 26 - PEAK DETECTING SAMPLE and HOLD 

GENERATION (Features infinite hold time and optional digital output.) 



In a character generation system one MC1506L circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result Inal 2-bit D-to-A 
converter (see Accuracy Section). 


CLOCK OETECT/HOLD RESET 



NC 


Positive peaks may be detected by inserting a hex inverter between 
the counter and MC1506L, reversing the comparator inputs, and 
connecting the output amplifier for unipolar operation. 


FIGURE 27 - PROGRAMMABLE PULSE GENERATOR 



Fast rise and fall times require the use of high speed switching 
transistors for the differential pair, Q4 and Q5. Linear ramps 
and sine waves may be generated by the appropriate reference 
input. 


FIGURE 28 - PROGRAMMABLE CONSTANT CURRENT SOURCE 



Current pulses, ramps, staircases, and sine waves may be generated 
by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 


FIGURE 29 - ANALOG DIVISION BY DIGITAL WORD 



NC 


This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, Iq can 
be set at 62 /nA so that 1 12 will have a maximum value of 3.938 mA 
for a digital bit input configuration of 111110. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. If a standard 1.0 MHz 
operational amplifier is employed, it should be overcompensated 
when possible. If this cannot be done, the reference amplifier 
can furnish the dominant pole with extra Miller feedback from 
pin 14 to 13. If the MC1723 or another wideband amplifier is 
used, the reference amplifier should always be overcompensated. 


FIGURE 30 - ANALOG QUOTIENT OF TWO 
DIGITAL WORDS 
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APPLICATIONS INFORMATION (continued) 


FIGURE 31 - ANALOG PRODUCT OF TWO DIGITAL WORDS 
(High-Speed Operation) 

IQI 



Two Digit BCD Conversion 

MC1506L parts which meet the specification for 7-bit 
accuracy can be used for the most significant word when 
building a two digit BCD D-to-A or A-to-D converter. If 
both outputs feed the virtual ground of an operational 
amplifier, 10:1 current scaling can be achieved with a 
resistive current divider. If current output is desired, the 
units may be operated at full scale current levels of 4.0 mA 
and 0.4 mA with the outputs connected to sum the currents. 
The error of the D-to-A converter handling the least sig¬ 
nificant bits will be scaled down by a factor of ten. 


FIGURE 32 - DIGITAL QUOTIENT of TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


The circuit shown is a simple counter¬ 
ramp converter. An UP/DOWN counter 
and dual threshold comparator can be 
used to provide faster operation and 
continuous conversion. 


RESET 
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Specificsitions a,iicl Applica^tions 
I]iLfonna,tion 


EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

. . . designed for use where the output current is a linear product 
of an eight-bit digital word and an analog input voltage. 

• Eight-Bit Accuracy Available in Both Temperature Ranges 

Relative Accuracy; ±0.19% Error maximum 
(MC1408L8, MC1408P8, MC1508L8) 

• Seven and Six-Bit Accuracy Available with MC1408 Designated 

by 7 or 6 Suffix after Package Suffix 

• Fast Settling Time — 300 ns typical 

• Noninverting Digital Inputs are MTTL and 

CMOS Compatible 

• Output Voltage Swing — -tO.4 V to -5.0 V 

• High-Speed Multiplying Input 

Slew Rate 4.0 mA//ns 

• Standard Supply Voltages: +5.0 V and 

-5.0 V to -15 V 


EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ATVIALOG 
CONVERTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAIVfiC PACKAGE 
CASE 620 



PSUFFIX 

PLASTIC PACKAGE 
CASE 648 




TYPICAL APPLICATIONS 

• 

Tracking A-to-D Converters 

• 

Audio Digitizing and Decoding 

• 

Successive Approximation A-to-D Converters 

• 

Programmable Power Supplies 


2 1/2 Digit Panel Meters and DVM's 


Analog-Digital Multiplication ' 

• 

Waveform Synthesis 

• 

Digital-Digital Multiplication 

• 

Sample and Hold - 


Analog-Digital Division 

• 

Peak Detector 

• 

Digital Addition and Subtraction 

• 

Programmable Gain and Attenuation 

• 

Speech Compression and Expansion 

• 

CRT Character Generation 


Stepping Motor Drive 
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MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted.) 


Digital Input voltage 


Applied Output Voltage 


Reference Current 


Reference Amplifier Inputs 


Operating Temperature Range 


Storage Temperature Range 



Mtl508 
MCI408 Series 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Vee = -15 Vdc 
MC1408L Series: T/^ = 0 to +75°C unless otherwise noted. All digital inputs 


Characteristic 


Relative Accuracy (Error relative to full scale Iq) 
IVICISOSLS, MC1408L8, I\/1C1408P8 
(\/IC1408P7, MC1408L7, See Note 1 
MC1408P6, MC1403L6, See Note 1 


Settling Time to within +1/2 LSB [includes tp|_H](T/\=+25OSee Note 2 


Propagation Delay Time 
Ta = +25°C 


Output Full Scale Current Drift 


Digital Input Logic Levels (MSB) 
High Level, Logic "1" 

Low Level, Logic "0" 


Digital Input Current (MSB) 
High Level, Vih = 5.0 V 
Low Level, VjL = 0.8 V 


Reference Input Bias Current (Pin 15) 


Output Current Range 
Vee =-5.0 V 
Vee =-15 V, Ta = 25°c 


Output Current 
Vref = 2.000 V, R14 = 1000 Q 


Output Current 
(All bits low) 


Output Voltage Compliance (Ep < 0.19% at Ta = +25^0 
Pin 1 grounded 
Pin 1 open, Vee below -10 V 


Reference Current Slew Rate 


Output Current Power Supply Sensitivity 


Power Supply Current 
(All bits low) 


Power Supply Voltage Range 
(Ta = +25°C) 


Power Dissipation 
All bits low 

Vee = -5.0 Vdc 
Vee = -15 Vdc 
All bits high 

Vee = -5.0 Vdc 
Vee = -15 Vdc 


Note 1. Ail current switches are tested to 
Note 2. All bits switched. 


, = 2.0 mA, MC1508L8: Ta = -55°C to +125°C. 

at high logic level.) 



guarantee at least 50% of rated output current. 


MOTOROLA Semiconductor Products Inc. 
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MC1408, IVIC1508 


TEST CIRCUITS (continued) 


FIGURE 6 - REFERENCE CURRENT SLEW 
RATE MEASUREMENT 



FIGURE 7 - POSITIVE V^ef 

Vcc 



THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

_ Tj(max) "Ta 

RojA(Typ) 

Where: Pd(Ta) = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


FIGURE 8 - NEGATIVE V^ef 



MOTOROLA SemicontJuctor Products Inc. 
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FIGURE 9 - MC1408, MC1508 SERIES EQUIVALENT 
CIRCUIT SCHEMATIC 

DIGITAL INPUTS 



CONTROL 


CIRCUIT DESCRIPTION 


The MC1408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination ampi ifier h ol ds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 


a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched. 


MOTOROLA Semiconductor Products Inc. 










GENERAL INFORMATION 


Reference Amplifier Drive and Compensation 

The reference amplifier provides a voltage at pin 14 for con¬ 
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 114. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate B15 with only a small sacrifice 
in accuracy and temperature drift. Another method for bipolar 
inputs is shown in Figure 25. 

The compensation capacitor value must be increased with in¬ 
creases in R14 to maintain proper phase margin; for R14 values 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to as this in¬ 
creases negative supply rejection. 

A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown in Figure 8. 
A high Input impedance is the main advantage of this method. 
Compensation involves a capacitor to on pin 16, using the 
values of the previous paragraph. The negative'reference voltage 
must be at least 3.0-volts above the supply. Bipolar input 
signals may^ be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

When a dc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 should be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 0.1 pF to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen¬ 
ded between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods apply 
and. the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 

Output Voltage Range 

The voltage on pin 4 is restricted to a range of -0.55 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC1408. When a current switch is turned "off", the posi¬ 
tive voltage on the output terminal can turn "on" the output 
diodeand,increase the output current level. When a current switch 
is turned "on", the negative output voltage range is restricted. 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will drive the low current 
device of the Darlington into saturation, decreasing the output 
current level. 

The negative output voltage compliance of the l\/IC1408 may 
be extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more negative than -10 volt^.' 
Using a full scale ciirrent of 1.992 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between 0 and -4.980 volts. Floating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. Values of Rl up to 500 ohms do not sig¬ 
nificantly affect performance, but a 2.5-kilohm load increases 
"worst case" settling time to 1.2 ms (when all bits are switched on). 


Refer to the subsequent text section on Settling Time for more 
details on output loading. > 

If a power supply value between -5.0 V and -10 V is desired, 
a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum allowable negative out¬ 
put swing. 

Output Current Range 

The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 

Accuracy 

Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift. Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the MC1408 is essentially 
constant with temperature due to the excellent temperature track¬ 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the IVIC1408 has a very low full 
scale current drift with temperature. 

The MC1408/MC1508 Series is guaranteed accurate to with¬ 
in ±1/2 LSB at +25°C at a full scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 mA 
which is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.TmA, 
allowing some mismatch in the IMPN current source pair. The 
accuracy test circuit is shown in Figure 4. The 12-bit converter 
is calibrated for a full scale output current of 1.992 mA. This is 
an optional step since the MC1408 accuracy is essentially the 
same between 1.5 and 2.5 mA. Then the IVIC1408 circuits' full 
scale current is trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The counter is activated 
and the error band,may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total 
error of +1/2 of one part in 65, 536, or ±0.00076%, which is much 
more accurate than the ±0.19% specification provided by the 
MC1408X8. 


Multiplying Accuracy 

The MC1408 may be used in the multiplying mode with 
eight-bit accuracy when the reference current is varied over a range 
of 256:1. The major source of error is the bias current of the 
termination amplifier. Under "worst case" conditions, these eight 
amplifiers can contribute a total of 1.6 mA extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 mA to 4.0 mA, the 1.6 pA contributes an error 
of 0.1 LSB. This is well within eight-bit accuracy referenced to 
4.0 mA. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
MC1408 is monotonic for all values of reference current above 
0.5 mA, The recommended range for operation with a dc reference 
current is 0.5 to 4.0 mA. 


MOTOftOLA Semiconc/uctor Products Inc. 
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GENERAL INFORMATION (Continued) 


Settling Time 

The "worst case” switching condition occurs when all bits are 
switched "on", which corresponds to a low-to-high transition for 
all bits. This time is typically 300 ns for settling to within ±1/2 
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit 
accuracy. The turn off is typically under 100 ns. These times 
apply when Rl ^500 ohms and Cq ^25 pF. 

The slowest single switch is the least sjgnificant bit, which turns 
"on" and settles in 250 ns and turns "off" in 80 ns. In applica¬ 
tions where the D-to-A cbnverter functions in a positive-going 
ramp rfiode, the "worst case" switching condition does not occur, 
arid a settling time of less than 300 ns may be realized. Bit A7 
turns "on" in 200 ns and "off" in 80 ns, while bit A6 turns "on" 
in 150 ns and "off" in 80 ns. 


The test circuit of Figure 5 requires a smaller voltage swing for 
the current switches due to internal voltage clamping in the MC- 
1408. A 1.0-kilohm load resistor from pin 4 to ground gives 
a typical settling time of 400 ns. Thus, it is voltage swing and not 
the output RC time constant that determines settling time for 
most applications. 

Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100 pF supply bypassing for low fre¬ 
quencies, and minimum scope lead length are all mandatory. 


FIGURE 10 - LOGIC INPUT CURRENT versus INPUT VOLTAGE 


TYPICAL CHARACTERISTICS 

(Vcc “ ■'■5 0 V, VgE = -15 V, T/^ = +25°C unless otherwise noted.) 

FIGURE 11 - TRANSFER CHARACTERISTIC versus TEMPERATURE 
(A5 thru AS thresholds lie within range for A1 thru A4I 
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FIGURE 12 - OUTPUT CURRENT versus OUTPUT VOLTAGE 
(See text for pin 1 restrictions) 


FIGURE 13 - OUTPUT VOLTAGE versus TEMPERATURE 
(Negative range with pin 1 open is -5.0 Vdc over full temperature range) 
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RELATIVE OUTPUT (dB) 


TYPICAL CHARACTERISTICS (continued) 

(Vcc “ ■*■5 0 V, “ "15 V, T/\ = +25°C unless otherwise noted.) 


REFERENCE INPUT FREQUENCY RESPONSE 



1 TO 

I, frequency (MHz) 


FIGURE 15 - TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE (all bits low) 



0 +50 +100 

T, TEMPERATURE (°C) 


FIGURE 16 - TYPICAL POWER SUPPLY CURRENT 
versus Vgg (all bits tow) 


Unless otherwise specified; 


20 

R14« 

R15 = 1.0 U2 


C = 

15 pF, pin 16 to Vee 


18 

rl = 

50 pin 4 to GNO 

< 


Curve A: 

Large Signal Bandwidth 

h- 

s 

16 


Method of Figure 7 

Vref = 2.0 V(p-p) offset 1,0 V above GND 

o 

14 

Curve B: 

Small Signal Bandwidth 

> 

12 


Method of Figure ? Ri.- 250 52 

3 

10 


Vref ' 50 mV(p-p) offset 200 mV above GND 

QC 



5 

8.0 

Curve C: 

Large and Small Signal Bandwidth 

Method of Figure 25 (no op-ampi, Rl ® 50 

RS = 50fi 

Vref = 2.0 V 

Vs = 100 mVfp-p) centered at 0 V 

Q. 

6.0 

4.0 

0 



-4.0 -6.0 -8.0 -10 -12 -14 -16 

Vee, negative power supply (Vdc) 


APPLICATIONS INFORMATION 

FIGURE 17 - OUTPUT CURRENT TO VOLTAGE CONVERSION 


- 2.0 Vdr 

R14 «■ R15 =10 kS! 
Po »6 0 kS> 



lAI A2 A3 A4 A5 A6 A7 A8 


Adjust or Rq so that Vq with all digital inputs at high 

level is equal to 9.961 volts. 


Ik [2 4 8 16 32 64 128 256 j 

[255] 

, ^0 V I- * 9 961 V 

256 
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MC1408, MC1508 


APPLICATIONS INFORMATION (continued) 


Voltage outputs of a larger magnitude are obtainable with this 
circuit which uses an external operational amplifier as a current 
to voltage converter. This configuration automatically keeps the 
output of the MC1408 at ground potential and the operational 
amplifier can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are primarily 
determined by the characteristics of the operational amplifier. In 
addition, the operational amplifier must be compensated for unity 
gain, and in some cases overcompensation may be desirable. 

Note that this configuration results in a positive output voltage 
only, the magnitude of which is dependent on the digital input. 

The following circuit shows how the MLMSOIAG can be used 
in a feedforward mode resulting in a full scale settling time on 
the order of 2.0 ps. 


FIGURE 18 


65 pF 



An alternative method is to use the MC1539G and input com¬ 
pensation. Response of this circuit is also on the order of 2.0ps. 
See Motorola Application Note AN-459 for more details on this 
concept. 


The positive voltage range may be extended by cascading the 
output with 3 high beta common base transistor, Q1, as shown. 


FIGURE 20 - EXTENDING POSITIVE 
VOLTAGE RANGE 



The output voltage range for this circuit is 0 volts to BVcbO 
of the transistor. If pin 1 is left open, the transistor base may be 
grounded, eliminating both the resistor and the diode. Variations 
in beta must be considered for wide temperature range applica¬ 
tions. An inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 
the transistor. Also, high-speed operation is possible with a large 
output voltage swing, because pin 4 is held at a constant voltage. 
The resistor (R) to Vgg maintains the transistor emitter voltage 
when all bits are "off" and insures fast turn-on of the least 
significant bit. . 


FIGURE 19 



Combined Output Amplifier and Voltage Reference 

For many of its applications the IVIC1408 requires a reference 
voltage and an operational amplifier. Normally the operational 
amplifier is used as a current to voltage converter and its output 
need only go positive. With the popular IVIC1723G voltage regula¬ 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output current. See Figure 
21. The IVIC1723G uses both a positive and negative power supply. 
The reference voltage of the MC1723G is then developed with 
respect to the negative voltage and appears as a common-mode, 
signal to the reference amplifier in the D-to-A converter. This 
allows use of its output amplifier as a classic current-to-voltage 
converter with the non-inverting'input grounded. 

Since ±15 V and -1-5.0 V are normally available in a combina¬ 
tion digital-to-analog system, only the -5.0 V need be developed. 
A resistor divider is sufficiently accurate since the allowable range 
on pin 5 is from -2.0 to -8,0 volts..,, The 5.0 kilohm pulldown 
resistor on the amplifier output is necessary for fast negative 
transitions. 

Full scale output rnay be increased to as much as 32 volts by 
increasing Rq and raising the +15 V supply voltage to 35 V maxi¬ 
mum. The resistor divider should be altered to comply with the 
maximum limit of 40 volts across the MC1723G. Cq may be 
decreased to maintain the same RqCo product if maximum speed 
is desired. 


/I I rtf' 
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APPLICATIONS INFORMATION (continued) 


Programmable Power Supply 

The circuit of Figure 21 can be used as a digitally programmed 
power supply by the addition of thumbwheel switches and a BCD- 
to-binary converter. The output voltage can be scaled in several 
ways, including 0 to +25.5 volts in 0.1-volt increments, ±0.05 volt; 
or 0 to 5.1 volts in 20 mV increments, ±10 mV. 


FIGURE 21 - COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


FIGURE 22 - BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 




+5 V • ♦- 

*_15V 

vee 


Rg = 2 R14 
R16 = R14 


V.gf A1 A2 A3 A4 A5 A6 A7 A8 V,.f 

Vq- -(Rn^ ——-^RoJ 

R14 ^ 2 4 8 16 32 64 128 256 Ra 


FIGURE 23 - BIPOLAR OR INVERTED NEGATIVE 
OUTPUT VOLTAGE CIRCUIT 


A1 A2A3A4A5A6A7A8 


Vo'Vref =~ {a} 

Settling time for a 10'VOit stepS 1.0 ns 


Bipolar or Negative Output Voltage 

The circuit of Figure 22 is a variation from the standard volt¬ 
age output circuit and will produce bipolar output signals. A 
positive current may be sourced into the summing node to offset 
the output voltage in the negative direction. For example, if 
approximately 1.0 mA is used a bipolar output signal results which 
may be described as a 8-bit "Vs" complement offset binary. V^gf 
may be used as this auxiliary reference. Note that Rq has been 
doubled to 10 kilohms because of the anticipated 20 V(p-p) 
output range. 


For A - 00000000 
bit configuration 
Vo= -Vref 

315.0 volt output range: 
Vref “ “5.00 volts 
R14 * R15 = 2.5 kn 
C = 37 pF (min) 

Rq “ 5 ka 


Decrease Rq to 2.5 for a 0 to -S.O-volt output range. 

This application provides somewhat lower speed, as previously 
discussed in the Output Voltage Range section of the General 
Information. 


MOTOROLA Semiconductor Products Inc. 
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MC1408, MC1508 


APPLICATIONS INFORMATION (continued) 


Polarity Switching Circuit, 8 -Bit Magnitude 

Plus Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity switch¬ 
ing circuit. The circuit of Figure 24 gives 8 -bit magnitude plus 
a sign bit. In this configuration the operational amplifier is switched 
between a gain of -H.O and -1.0. Although another operational 
amplifier is required, no more space is taken when a dual operational 
amplifier such as the IVIC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 


Panel Meter Readout 

The MC1408 can be used to read out the status of BCD or 
binary registers or counters in a digital control system. The current 
output can be used to drive directly an analog panel meter. Ex¬ 
ternal meter shunts may be necessary if a meter of less than 2.0 
mA full scale is used. Full scale calibration can be done by adjust¬ 
ing R14 or V|. 0 f. 

FIGURE 26 - PANEL METER READOUT CIRCUIT 


FIGURE 24 - POLARITY SWITCHING CIRCUIT 

( 8 -Bit Magnitude Plus Sign 0-to-A Converter) oiguai word From counter or Register 



Programmable Gain Amplifier or Digital Attenuator 

When used in the multiplying mode the MC1408 can be 
applied as a digital attenuator. See Figure 25. One advantage of 
this technique is that if Rs = 50 ohms, no compensation capacitor 
is needed. The small and large signal bandwidths are now identical 
and are shown in Figure 14. 

The best frequency response is obtained by not allowing I 14 
to reach zero. However, the high impedance node, pin 16, is 
clamped to prevent saturation and insure fast recovery when the 
current through R14 goes to zero. Rs can be set for a+1.0 mA 
variation in relation to I 14 . I 14 can never be negative. 

The output current is always unipolar. The quiescent dc output 
current level changes with the digital word which makes ac coupling 
necessary. 

FIGURE 25 - PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 



FIGURE 27 - DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 



Iq ~ 'O 1 ‘*0 2 

Digital Subtracts 


Vref 1 
Rt4i 


{-} 




Vref 2 
R142 


Programmable Amplifier: 
Connect Digital Input: 


Ro [ {a} - {e} ] 


^ 0 = {a} 


Vref 2 
R142 
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APPLICATIONS INFORMATION (continued) 


This digital subtraction application is useful for indicating when 
one digital word is approaching another in value. More information 
Is available than with a digital comparator. 

Bipolar inputs can be accepted by using any of the previously 
described methods, or applied differentially to RM-] and R142 
or R15i and R152. Vq vvill be a bipolar signal defined by the 
above equation. Note that the circuit shown accepts bipolar differ¬ 
ential signals but does not have a negative common-mode range. 

A very useful method is to connect RM-i and R142 to a positive 
reference higher than the most positive input, and drive R15i and 
R152. This yields high input impedance, bipolar differential and 
common-mode range. 

FIGURE 28 - DIGITAL SUMMING and CHARACTER GENERATION 


FIGURE 30 - NEGATIVE PEAK DETECTING 
SAMPLE AND HOLD 


51 6] 71 sT 9TlOTnTl2T 


Vo4{load sensitive) 

/255\ 

VO(nna.) = -(^—; ll4Rm 
Vo(max) = 0 to -5.0 volts 


MC1408 Series 
^ MC1508 15 


. MC1408 Series 

MC1508 


FIGURE 31 - PROGRAMMABLE PULSE GENERATION 


13<b 


1 3 ? stisttiYz 

MC1408 Series ^ 


5678 9101112 


Vq “ ^'O 1 'O 2^ 


Vo {s}! Rc 

R 14 i »■ J R 142 ^ J ^ 


•111CH 91 81 7 6 5 


MC1408 Series 
MCI 508 


21 131 16] 3] 4\ 


+5.0 V -15 V 


, 20 nriA 

;R2 Qa lFuM Scale 


-TL 

Switching 
• Input (MTTL) 


0 to 1 0 Volt 
in 4.0 mV steps 


Fast rise and fall times require the use of high-speed switching 
transistors for the differential pair, Q4 and Q5. Linear ramps and 
sine waves may be generated by the appropriate reference input. 


In a character generation system one MC1408 circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a 16-bit D-to-A 
converter (see Accuracy Section). 


FIGURE 32 - PROGRAMMABLE CONSTANT CURRENT SOURCE 


FIGURE 29|- POSITIVE PEAK DETECTING SAMPLE and HOLD 
(Features indefinite hold time and optional digital output.) 


Clock Detect/Hold 


12 Ilho 9 8 7 6 5 


1 2 16 3 131 


51 6) 71 8l 9101112 


^ MCI408 Series Jip 
I MCI 508 


•The base of Q2 must tse at least 
4 V below supply voltage;. 

Current pulses, ramps, staircases, and sine waves may be genera¬ 
ted by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 
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MC1408,MC1508 


APPLICATIONS INFORMATION (continued) 


FIGURE 33 - ANALOG DIVISION BY DIGITAL WORD 


FIGURE 34 - ANALOG QUOTIENT OF TWO DIGITAL WORDS 



This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, Iq can 
be set at 16 pA so that 1 14 will have a maximum value of 3.984 
mA for a digital bit input configuration of 00000001. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. If a standard 1.0 MHz 
operational amplifier is employed, it should be overcompensated 
when possible. If the MC1723 or another wideband amplifier is 
used, the reference amplifier should always be overcompensated. 



FIGURE 35 - ANALOG PRODUCT OF TWO DIGITAL WORDS 
(High-Speed Operation) 



Vq =-lo 1 f’oR q 


^ IvqI ^ |b[ 

r142 R142 


[-0 (w; 


since Rn = R145 and K = 


l02= K |a| |b[ 


R14^ 

K can be an analog variable. 
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APPLICATIONS INFORMATION (continued) 


FIGURE 36 - TWO-DIGIT BCD CONVERSION 



Two, 8-bit, D-to-A converters can be used to build a two digit 
BCD D-to-A or A-to-D converter. If both outputs feed the virtual 
ground of an operational amplifier, 10:1 current scaling can be 
achieved with a resistive current divider. If current output is de¬ 
sired, the units may be operated at full scale current levels of 


4.0 mA and 0.4 mA with the outputs connected to sum the currents. 
The error of the D-to-A converter handling the least significant 
bits will be scaled down by a factor of ten and thus an MC1408L6 
may be used for the least significant word. 


FIGURE 37 - DIGITAL QUOTIENT OF TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


The circuit shown is a simple counter¬ 
ramp converter.. An UP/DOWN counter 
and dual threshold comparator can be 
used to provide faster operation and con- 



Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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il (ULIM2001A) 
2 (ULN2002A) 

.3 (ULN2003A) 


HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 

The seven NPN Darlington connected transistors in these arrays 
are well suited for driving lamps, relays or printer hammers in a’ 
variety of industrial and consumer applications. Their high break¬ 
down voltage and internal suppression diodes insure freedom from 
problems associated with inductive loads. Peak inrush currents to 
600 mA permit them to drive incandescent lamps. 

The MC1411 device is a general-purpose array for use with DTL, 
TTL, PMOS or CMOS Logic. The MC1412 contains a zener diode, 
and resistor in series with the input to limit input current for use 
with 14 to 25 Volt PMOS Logic. The MC1413 with a 2.7 kS7 series 
input resistor is well-suited for systems utilizing 5 Volt TTL or 
CMOS Logic. The MCI 416 uses a series 10.5 kS7 resistor and is use- 
ful in 8-18 Volt MOS systems. 


PERIPHERAL 
DRIVER ARRAYS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



MAXIMUM RATINGS (Ta = 25 C and rating apply to any one device in the 
package unless otherwise noted.) 


Rating 

Symbol 

Value 

lISQI 

Output Voltage 

Vo 

50* 

m 

Input Voltage (Except MC1411) 

V| 

30 

UJ 

Collector Current — Continuous 

'c 

500 


Base Current — Continuous 

'b 

25 

IE3SI 

Operating Ambient Temperature Range 

Ta 

0 to ■t85 


Storage Temperature Range 

Tstg 

-55 to -nSo 


Junction Temperature 

Tj 

150 

fsm 

Maximum Package Power Dissipation (See Thermal Information Section) 


•Higher voltage selection available. See your local representative. 


DEVICE CROSS-REFERENCE LISTING 

9665 - SN75476 - ULN2001A - order MC1411Por PW 

9666 - SN75477 - ULN2002A - order MC1412P or PW 

9667 - SN75478 - ULN2003A - order MC1413P or PW 

9668 - - ULN2004A - order MC1416P or PW 
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MC1411, MC1412, IVIC1413, MC1416 


ELECTRICAL CHARACTERISTICS (Ty:^ = 25°C unless otherwise noted) 


Characteristic 

Output Leakage Current 


*(Vo = 50V,Ta = +70°C) 

All Types 

*(Vo = 50 V, Ta =+70°C, V| = 6.0 V) 

MC1412 

•(Vo = 50 V, Ta =+?0®C, V| = 1.0 V) 

Mei416 

Collector-Emitter Saturation Voltage 


(IC = 350 mA, Ib = 500mA) 

j 

(IC = 200 mA, Ib = 350mA) 


' dc = 100 mA, Ib = 250mA) 


Input Current —"On Condition 


(V| = 17 V) 

MC1412 

(Vi = 3.85 V) 

MC1413 

(V| = 5.0V) 

IVIC1416 

(V| = 12V) 

l\/IC1416 

Input Voltage — On Condition 


(VcE = 2.0 V, Ic = 300 mA) 

IVIC1412 

(VcE = 2.0 V, Ic = 200 mA) 

MC1413 

(VcE = 2.0 V, Ic = 250 mA) 

MC1413 

(VcE = 2.0 V, Ic = 300 mA) 

MC1413 

(VcE = 2.0 V, Ic = 125 mA) 

I\/1C1416 

(VcE = 2.0 V, Ic = 200 mA) 

MC1416 

(Vce = 2.0V, Ic = 275 mA) 

MC1416 

(VcE ■ 2.0 V, Ic = 350 mA) 

l\/IC1416 

Input Current — Off Condition 


(IC = 500 MA, Ta =+70°C) 


DC Current Gain 


(VcE = 2.0 V, Ic = 350 mA) 

MC1411 

Input Capacitance 

Turn-On Delay Time 


(50%E| to 50% Eq) 


Turn-Off Delay Time 


(50% E| to 50% Eq) 


Clamp Diode Leakage Current 


(Vr = 50V) 


Clamp Diode Forward Voltage 


(Ip = 350 mA) 




Higher voltage selections available, contact your local representative. 


TYPICAL PERFORMANCE'CURVES - Ta = 25°C 


FIGURE 1 - OUTPUT CURRENT versus INPUT VOLTAGE 


FIGURE 2 - OUTPUT CURRENT versus INPUT CURRENT 
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|. INPUT CURRENT (mA) Iq, COLLECTOR CURRENT (mA) 


MC1411, MC1412, MC1413, MC1416 


TYPICAL CHARACTERISTIC CURVES - Ta = 25°C (continued) 


FIGURE 3 - TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 4 - INPUT CHARACTERISTICS - MC1412 
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VcE(sat). SATURATION VOLTAGE (VOLTS) 


FIGURE 5 - INPUT CHARACTERISTICS - MC1413 

2.5 

TYPICAL 

■ BSERIESMcMOS 
@6.0 V 

2.0|-Ta = 260C- 


Vi, INPUT VOLTAGE (VOLTS) 

FIGURE 6 - INPUT CHARACTERISTICS - MC1416 
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REPRESENTATIVE CIRCUIT SCHEMATICS 
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SENSE AMPLIFIER 

. . . consisting of a wideband differential amplifier, a dc restoration 
circuit which also incorporates facilities to externally adjust the 
threshold, and an MDTL output gate which is strobed from saturated 
logic. It is designed to detect bipolar differential signals derived by a 
core memory with cycle times as low as 0.5 ps. 

• Differential Threshold Characteristics: 

Adjustable Threshold — 10-25 mV 
Nominal Threshold — 17 mV @ Vadj = 6.0 V 
Input Offset Voltage 1.0 mV typical 
Threshold Drift —^10 /:/V/°C typical 

• Fast Response Time — 20 ns typical 

• Short Recovery Time : 

50 ns max @ Vj = 1.8 V Common Mode 
50 ns max @ Vq = 400 mV Differential Mode 


CORE MEMORY 
SENSE AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
CASE 603B 


Amplifier Output 
(ext. capacitor) 




REPRESENTATIVE CIRCUIT SCHEMATIC 


VcC Amplifier 

f Output? Cext ? Gate Input 


10 kl 1.0 ki 



Gate Input 
IJS (ext. capacitor) 


(^Strobe Input 


^•■^'^Threshold Adjust 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



-1 Amplifier Output 

—* (ext. capacitor) 

- ^ Gate I nput 

- ^ Strobe I nput 

- TTI Output 
^ Gnd 
T] NC 

S ' Threshold Adjust 

(V3dj) 
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MC1440, MC1540 


MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc 

+10 

Vdc 


Vee 

-10 


Differential Input Voltage Range 

V|DR 

±5.0 

Vdc 

Common-Mode Input Voltage Range 

V|CR 

±5.0 

Vdc 

Output Load Current 

'L 

25 

mA 

Power Dissipation (Package Limitation) 

Pd 



Metal Can 


680 

mW 

Derate above 25°C 


4.6 

mW/OC 

Flat Package 


500 

mW 

Derate above 25°C 


3.3 

mW/°C 

Plastic and Ceramic DIP 


625 

mW 

Derate above 25°C 


5.0 

mW/OC 

Operating Ambient Temperature Range 

Ta 



MCI 540 


Oto 75 

°C 

MCI 440 


-55 to 125 

°C 

Storage Temperature Range 

Tstg 

-65 to 150 

“C 

_ 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Ta = 25°C, Vcc = +6 0 Vdc ±1.0%, Vee == -6.0 Vdc ±1% and 


Cext - 0.01 nF) 




MC1540 

MC1440 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Input Threshold Voltage 

Vth 

Hi 






mV 

(Vadj = -6.0 V, Ta = 25 OC) 


IB 

17 

20 

12 

17 

24 


(Vadi = -6.0 V, Ta = T|ow*) 


IB 

17 

24 

10 

17 

30 


(Vadj “-6-0 V, Ta “ Tfijgh ) 


IB 

17 

22 

10 

17 

30 


Input Offset Voltage 

V|0 

- 

‘ 1.0 

5.0 

■ - 

1.0 

6.0 

mm 

Input Bias Current 

•iB 







pA 

(Ta,= 250C) 




50 



75 


(Ta = Thigh T(o,(v) 


iH 

Bi 

100 

Hii 

BB 

100 


Input Offset Current 

iio 

- 

2.0 

10 

- 

2.0 

15 

mA 

Output Voltage— High Logic State 

VOH 

5.9 

- , 

- 

5.8 

- 

- 

Vdc 

Output Voltage — Low Logic State 

VOL 


■■■III 


■null 

■■IH 


mV 

dOL - 6.0 mA, V||-|(Q) = 6.0 V) 




350 



400 


^Ta - Thigh) 




400 



450 


Amplifier Voltage Gain 

Ay 

- 

85 

- 

- 

85 

- 

V/V 

(Vi= 15mVpeak) 









Strobe Input Current — Low Logic State 

hL(S) 

- 


1.2 

■Bjl 

- 

1.5 

mA 

(V,L(s)=0V) 



IBI 


Bi 




Strobe Input Current — High Logic State 

'IH(S) 

^^bb 



IIIIIIIIIIIH 



IHIQjBI 

(V|H(S) = 5.0 V) 




2.0 



5.0 

Bii 

(V|H(S) =6.0 V,Ta = Thigh) 



^H 

25 


Hil 

30 


Power Consumption 


- 


TgO~ 


imun 

■~^5D 

mm 


*T|ow = -55°C for MCI 540, 0°C for MCI 440 
Thigh = I 25 OC for MC1540, 75°C for MC1440 


SWITCHING CHARACTERISTICS(Unless otherwise noted, Vcc “ 6.0 V, Vee - -6-0 V, Ta = 25°C, Cext “ 0.01 juF.) 


Characteristic 

Symbol 

MC1540 

MCI 440 

Unit 

IIQIQIH 

Typ 

Max 

Min 

Typ 

Max 

Propagation Delay Time from Differential Input to 

Amplifier Output 

fPLH(A) 

— 

10 

15 

■ — 

10 

20 

ns 

Propagation Delay Time from Differential Input to 

Low Logic State Output 

‘PHL(A) 

■ 

20 

30 

■ 

20 

50 

ns 

Propagation Delay Time from Strobe Input to 

Low Logic State Output 

tPHLIS) 


10 

15 

_ 

10 

30 

ns 

Differential Mode Recovery Time 

tR(DM) 

- 

20 

50 

- 

20 

90 

ns 

Common-Mode Recovery Time 

*R(CM) 


20 

50 


20 

iimii 

ns 
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MC1440, IVIC1540 


FIGURE 1 - THRESHOLD VOLTAGE TEST CIRCUIT 
AND WAVEFORMS 



output to swing from 
^OH ^OL Isvel* 


vqH * 

Output 

Vql' 




FIGURE 2 - AMPLIFIER VOLTAGE GAIN TEST 
CIRCUIT AND WAVEFORMS 



FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR 
PROPAGATION DELAY TIMES FROM DIFFERENTIAL 
INPUTS TO AMPLIFIER AND GATE OUTPUTS 


FIGURE 4 - TEST CIRCUIT AND WAVEFORMS FOR 
PROPAGATION DELAY TIME FROM STROBE INPUT 
TO OUTPUT 




FIGURE 5 - TEST CIRCUIT AND WAVEFORMS FOR FIGURE 6 - TEST CIRCUIT AND WAVEFORMS FOR 

DIFFERENTIAL MODE RECOVERY TIME COMMON-MODE RECOVERY TIME 
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MC1444 

MC1544 


HIGH-SPEED, LOW THRESHOLD SENSE AMPLIFIERS 


The MCI 544 and MCI444 are high-speed quad sense amplifiers 
for use with plated wire, thin film or other memory systems requiring 
very low threshold sensitivity and narrow pulse widths. Both devices 
feature internal capacitive coupling to reduce the effects of voltage 
offsets. 

• Threshold Level - 1.5 mV (Typ), 100 ns Rectangular Pulse 

• Decoded Input Channel Selection 

• Output Strobe Capability 

• DC Level Restore Gate on Internal Capacitors Eliminates Repe¬ 

tition Rate Limitations 


FICURE 1 - BLOCK DIAGRAM 


AC-COUPLED 
FOUR-CHANNEL 
SENSE AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


INPUTS ' Y 


CAPACITOR^ 
RESTORE 11 
INPUT 




c r^ ONE-OF-FOUR 


6 STROBE 
INPUT 


Inputs I 
,Channel C i 

Inputs 
Channel D 


Strobe Input 
Channel' 
Select I 
Inputs ' 


i 

il 


L Suffix 
CASE 620 


Inputs 
Channel B 


Inputs 
' Channel A 


13 Vcc 

_I Capacitor 

12 ] Restore 
Input 
Ground 



F Suffix 
CASE 650 


I Inputs 
^1 Channel B 
I Inputs 

•ysi ) Channel A 
5^Vcc 

Capacitor 
^^Restore Input 
Ground 


Channel 
Pin Pin 
7(X) 8(Y) 


Select 

Channel 

Selected 


TRUTH TABLES 


H = high level (steady state, V| ^ ViH(min) Y|p 
L = low level (steady state), V| ^ V|l(,„ 3 x) Y|D <CVth 
X - irrelevant (any input, including transitions) 

_r = transition from low level to high level 
i-r= low-level output pulse 



Ir 

puts 


Strobe 

Capacitor 

Restore 

Differential 

Input 

•Channel A 

Channel 

Selects 

L 

X 

X 

X X 

X 

H 

X 

X X 

X 

X 

X 

L X 

X 

X 

X 

X L 

H 

L 

H 

H JT 

H 

L 

H 

-T H 

_r 

L 

H 

H H 


’Channel A used as an example, other channels 
function similarly. See channel select table. 
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Maximum ratings (T/\ = +25°C unless otherwise noted) 
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ELECTRICAL CHARACTERISTICS (Unlessotherwise noted, specifications appiy for 4.75 V < Vcc < 5.25 V, -6.7 V > VgE > -6.3 V 



Characteristic 

Symbol 

Input Threshold Voltage (Figure 4) 

(Vcc = 5.0 V, Vee = -6.0 V, Ta = Thigh to T|ow) d) 

Vth 

Input Bias Current (Selected Channel) 

l|B 

Input Offset Current (Selected Channel) 

•lO 

Channel Select Input Current-High Logic State, 

(V|H(CS) = 3.5 V) 

•iH(CS) 

Channel Select Input Current - Low Logic State, 
(V|L(CS)=0V> 

•iL(CS) 

Capacitor Restore Input Current - High Logic State, 
(V|H(CR) =3.5 V) 

l|H(CR) 

Capacitor Restore Input Current-Low Logic State, 
<V|L(CR) =0 V) 

'IL(CR) 

Strobe Input Current-High Logic State, 

(V|h(S)=3.5V) 

■lH(SI 

Strobe Input Current-Low Logic State 

(V|L(S)=0V) 

■iLfS) 

Channel Select Input Voltage-Low Logic State 


Channel Select Input Voltage-High Logic State 

V|H(CS) 

Capacitor Restore Input Voltage-Low Logic State 

V|L(CR) 

Capacitor Restore Input Voltage-High Logic State 

V|H(CR) 

Strobe Input Voltage-Low Logic State 

V|L(S) 

Strobe Input Voltage-High Logic State 

V|H(SI 

Input Common-Mode Voltage Range 

V|CR+ 

V|CR- 

Input Differential Voltage Range 

V|DR 

Output Voltage-Low Logic State 

(Iql* '•0 

VOL 

Output Voltage-High Logic State 
(Iqh “ 

Vqh 

Positive Power Supply Current 

'CC 

Negative Power Supply Current 

(EE 

SWITCHING CHARACTERISTICS (unless otherwise noted, Ta = 2 

Characteristic 

Symbol 

Propagation Delay Time 

Differential Inputs to High Logic State Output 

tPLH(D) 

Propagation Delay Time 

Differential Input to Low Logic State Output 

tPHL(D) 

Propagation Delay tirne 

Strobe Input to High Logic State Output 

fPLH(S) 

Propagation Delay Time 

Strobe Input to Low Logic State Output 

tPHL(S) 

Lead Time from Channel Select Input to 

Application of Differential Input Voltage 

tL(CS) 

Lead Time from Application Of a 50 mV Offset 

Signal to Application of the Capacitor Restore Signal 

<L(CRO) 

Lead Time frorn Application of Strobe Input to 
Application of Differential Input Signal 

tL(S) 

Lead Time from Application of Capacitor Restore 

Signal to Application of Differential Input Signal 

tL(CR) 

Common-Mbde Recovery Time 

(eini = +2.0V) 

(eini = -2.0V) 

tCMR+ 

tCMR- 

Differential-Mode Recovery Time 

(eini = +1.0V) 

(eini = -1.0V) 

tDMR+ 

tDMR- 



Thigh = 125°C for MC1544, 75°C for MC1444. 
T|ow = -55°C for MCI 544, Q°C for MC1444. 


MOTOROLA Semiconductor Products Inc. 
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MC1444, MC1544 
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FIGURE 8 - tpLH(CS)> tPHL(CS) 


'"2 CHANNEL 
SELECT X 

*'"2 CHANNEL ^ 
SELECT Y 

''"♦capacitor^ 

RESTORE 


~<PHL(CSI tPLH(CS) 


NOTE; To test other channel select input, 
reverse e:n,. end e:..- 


in2 ’t'3‘ 


FIGURES- tL(CRO> 

5 mV 

'composite (no scale) ' 5(Bi V’\ 

INPUT 50 mV - - - 1-^ 

SIGNAL ■ ' 


'"3 CHANNEL 
SELECT Y 


-A H-«l(cso) 


»in)-«in2{J^H^‘ 


DEFINITIONS 

Output Voltage — High Logic State 
Output Voltage — Low Logic State 
The minimum high-level voltage at the strobe input which 
will allow normal operation during the threshold test 
The maximum low-level voltage at the strobe input which 
will result in Vqh n* output regardless of in¬ 
put signals 

The minimum input signal (ejf,^) required to drive the 
MTTL III gates to obtain the e<, vyaveform shown in 
Figure 5 

The maximum common-mode input voltage that will 
not saturate the amplifier 

The minimum common-mode input voltage that will not 
break down the amplifier 

The minimum high-level voltage at the capacitor restore 
input required to insure that the capacitors are clamped 
i.e., the input threshold voltage is greater than 10 mV 
The maximum low-level voltage at the capacitor restore 
input which will allow normal operation during the 
threshold test 

The minimum high-level voltage at a channel select in¬ 
put required to insure that the total of the base currents 
of all unselected inputs is less than 1.0 pA 
The maximum low-level voltage at a channel select in¬ 
put required to insure that the total of the base currents 
of all unselected inputs is less than 1.0 pA ^ 

The maximum differential-mode input voltage that will 

not saturate the amplifier 

Output Source Current — High Logic State 

Output Sink Current - Low Logic State 

The current into the strobe input when the input is at a 

high-level of 3.5 volts 

The current into the strobe input when the input is at a 
low-level of 0 volts 

The minimum time between the 50% level of the trailing 
edge of a + or - 2 volt common-mode signal (txLH> iTHL 
^15 ns) and the 50% level of the leading edge of a 
5 mV input pulse when the capacitor restore and strotie 
inputs are used in a normal manner as shown in Figure 22 
The minimum time between the 50% level of the leading 
edge of a 50 mV input offset signal and the 50% level of 
the leading edge of the capacitor restore pulse as shown 
in Figure 9 


The minimum time between the 50% level of the leading 
edge of the capacitor restore signal and the 50% level of 
the leading, edge of a 5 mV input signal as shown In 
Figure 6 

The minimum time between the 50% level of the leading 
edge of the channel select and the 50% level of the 
leading edge of a 5 mV input signal as shown in Figure 6 
The delay time from the 50% level of the trailing edge of 
the channel select signal to the 1.5 volt level of the 
positive edge of the output when the input to the selected 
channel is held at the "1" level as shown in Figure 8 
The delay time from the 50% level of the leading edge of 
the channel select signal to the 1.5 volt level of the 
negative edge of the output when the input to the select¬ 
ed channel is held at the "1" level as shown In Figure 8 
The minimum time between the 56% level of the trailing 
edge of a + or - 1 volt differential-mode signal (tTLH. 
ITHL ^ the 50% level of the leading edge of 

a 5 mV input pulse when the capacitor restore and strobe 
inputs are used in a normal manner as shown in Figure 23 
The delay time from the 50% level of the trailing edge 
of a 5 mV input signal to the 1.5 volt level of the posi¬ 
tive edge of the output as shown in Figure 6 
The delay time from the 50%, level of the leading edge 
of a 5 mV input signal to the 1.5 volt level of the nega¬ 
tive edge of the output as shown in Figure 6 
The minimum time between the 50% level of the leading 
edge of the strobe and the 50% level of the leading edge 
of the input signal as shown in Figure 6 
The delay time from the 50% level of the trailing edge 
of the strobe to the 1.5 volt level of the positive edge of 
the output when the input is held at the High Logic Level 
as shown in Figure 7 

The delay time from the 50% level of the leading edge 
of the strobe to the 1.5 volt level of the negative edge of 
the output when the input is held at the High Logic 
Level as shown in Figure 7 

The current into the channel select input when the input 
is at a high-level of 3.5 volts 

The current out of the .capacitor restore input when the 
input is at a low-level, of 0 volts 

The input current to a channel select input when that 
input is at a high-level of 3.5 volts 
The current into a channel select input when the input 
is at a low-level of 0 volts 


MOTOROLA Semiconductor Products Inc. 
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VolOUTPUT VOLTAGE LOGIC STATE (mV) V,h-THRESHOLO VOLTAGE (mV) V^, THRESHOLD VOLTAGE (mV) 


MCI444, MCI 544 













Vo, OUTPUT VOLTAGE, PIN 9 (VOLTS) Vq, OUTPUT VOLTAGE, PIN 9 (VOLTS) zj, INPUT IMPEDANCE (kn) 


MC1444, MCI544 


TYPICAL CHARACTERISTICS (continued) 



1.0 

f, FREQUENCY, MHz 


FIGURE 18 - AMPLIFIER INPUT TO 
OUTPUT TRANSFER CHARACTERISTIC 


0.5 1.0 1.5 

V|, INPUT VOLTAGE (mV) 


FIGURE 20 - CHANNEL SELECT X to 
OUTPUT TRANSFER CHARACTERISTICS 


E 


■+126“C. Vee = -6-3 V 

-1--t- 

+12E'>C,Vee = -6.(I V 


+25“C,Vee = -B.O V 


-65“C, Vee = -6.3 V 


-55“C, Vee = -6.0V 


0 1.0 ' 2.0 3.0 

V|(CS), CHANNEL SELECT INPUT VOLTAGE, Pin 7 (VOLTS) 



FIGURE 17 - CAPACITOR RESTORE 
TIME versus INPUT OFFSET VOLTAGE 



FIGURE 19 - STROBE TO 
OUTPUT TRANSFER CHARACTERISTICS 


1.0 2.0 3.0 

V|(S), STROBE INPUT VOLTAGE (VOLTS) 


FIGURE 21 - CHANNEL SELECT Y to 
OUTPUT TRANSFER CHARACTERISTICS 


li 


a 


+125‘>C, VeE’-5.7 V 


+125“C, VeE“-8.0 V 

—I-1-^-1- 

+125“C, VeE'-B S V 


+25“C, Vee = -6 0 V 

—I-1—^— 

-65“C, Vee = -5.7 V 

H-— 


-65“C, Vee = -6 0 V 


-65“C, Vee = -6.3 V 




■K: 

SP 

HP 

HP 

j^H 

HP 

PH 

PH 

PH 

PH 

PH 

^H 

PH 

HP 


PH 

PH 

IPH 

PH 



PH 

PH 

PH 


IHP 

PH 

HP 

PH 

^H 

l^H 

Hi 

PH 

IPH 

Hi 

^H 

^H 

PH 

^^H 


B 

IS 



PH 

^H 

^^H 

HP 

PH 

IH 

^H 

PH 

PH 

PH 


PH 

HP 

^^H 

^H 



^H' 

^^H 

PH 

PH 

IHP 

IHi 

PH 

PH 

PH 

j^PI 

^H 

PH 




■■ 

^H 


1.0 2.0 3.0 4.0 

V|(CS), CHANNEL SELEIIT INPUT VOLTAGE, Pin 8 (VOLTS) 
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FIGURE 22 - COMMON-MODE CHARACTERISTICS 

Note: The BmV Input Signal (Differential) is superimposed on the 

Common-Mode Input and is shown separately for reference only. 



SIGNAL INPUT 10mV/oiv 


COMMON-MODE INPUT'''^/dIV I J 

SIGNAL INPUT 10 rnV/p|v 


CAPACITOR RESTORE 5 V/DIvA 

STROBE INPUT 5 V/piy 


OUTPUT 2.5 V/piv 



COMMON-MODE INPUT 2 V/piy 


CAPACITOR RESTORE 5 V/piy\ _ j" 

STROBE INPUT 5 V/piy J'~\. 


OUTPUT 2.5 V/piy 


25 PS/DIV 



FIGURE 23 - DIFFERENTIAL-MODE CHARACTERISTICS 
Note: The 5mV Input Signal is superimposed on the Differential 
Input and is shown separately for reference only. 



SIGNAL INPUT 10 mV/piy 


CAPACITOR RESTORE 5 V/p(y 


DIFFERENTIAL INPUT 1 V/piy H y J 


DIFFERENTIAL INPUT 1 V/p|y 




STROBE INPUT 0 V/piy 


OUTPUT 2.5 V/piy 


r- 


SIGNAL INPUT 10mV/p|v 
[capacitor RESTORE 5 V/piy 


STROBE INPUT 5 V/p|y 


OUTPUT 2-5 V/piy 
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MC1472 


I^rodLuct Preview 


DUAL PERIPHERAL-HIGH-VOLTAGE 
POSITIVE "NAND" DRIVER* 

The dual driver consists of a pair of PNP-buffered Schottky AND 
gates connected to the bases of a pair of high-voltage NPN transistors. 
They are similar to the MC75452 drivers but with the added advan¬ 
tages of: 1) 70 Volt capability 2) output suppression diodes and 
3) PNP buffered inputs for MOS compatibility. These features make 
the MC1472 ideal for mating MOS logic or microprocessors to 
larhps, relays, printer hammers and incandescent displays. 


• 300 mA Output Capability (each transistor) 

• 70 Vdc Breakdown Voltage 

• Internal Output Clamp Diode 

• Low Input Loading for MOS Compatibility (PNP buffered) 


CROSS REFERENCE 
UDN-5712 - SN75475 - MCI 472 


IVIAXIMUM RATINGS (Ta = 250C, Note 1). 


Note 1: "Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The "Table of Electrical Characteristics" pro¬ 
vides conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


DUAL PERIPHERAL 
POSfriVE "NAND" DRIVER 

MONOLITHIC SILICON 
INTEGRATED CIRCUITS 



Rating 

Value 

Unit 

Supply Voltage 

7.0 

Volts 

Input Voltage . 

5.5 

Volts 

Output Voltage 

80 

Volts 

Clamp Voltage 

80 

Volts 

Output Current (Continuous) 

300 

mA 

Operating Junction Temperature 


°C 

Ceramic Package 

+175 


Plastic Package 

+150 


Storage Temperature Range 

-65 to +150 

°C 



Rating 

Symbol 

Min 

Max 

Supply Voltage 

Vcc 

4.5 

5.5 

Operating Ambient Temperature 

Ta 

0 

70 

Output Voltage 

Vo 

Vcc 

70 

Clamp Voltage 

Vc 

Vo 

70 



H = Logic One 
L = Logic Zero 


ORDERING INFORMATION 


Device j Alternate |■^‘’Xgn 


IVIC1472U 


MC1472P1 


Ceramic DIP 


Plastic DIP 


This is advance information and specifications are subject to change without notice. 
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MCI 472 


ELECTRICAL CHARACTERISTICS Unless otherwise noted min/max limits apply accross the 0°C to 70°C temperature range with 
4.5 V ± Vqq ± 5.5 V. All typical values are for = 25°C, Vcc ~ ^ Volts. 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Voltage — High Logic State 

V|H 

2.0 

- 

5.5 

Vdc 

Input Voltage — Low Logic State 

V|L 

0 

- 

0.8 

Vdc 

Input Current — Low Logic State 




■■■■ 


(V|l = 0.4V) 






A Input 

l|L 

- 

- 


mA 

B Input 




-0.15 


Input Current - High Logic State 






<V|H = 2.4V) 



. 



A input 

l|H 

- 

- 

40 


B Input 


~r 

- 

20 


!V|h = 5.5V) 





mA 

A Input 


- 

- 

200 


B Input 


- 

- 

100 


Input Clamp Voltage 






(l|C = -12mA) 

V|C 

- 


-1.5 

V 

Output Leakage Current -r High Logic State 






(Vq “ 70V, See test Figure) 

lOH 

- 

- 

100 

ma 

Output Voltage — Low Logic State 






(IOL = 100 mA) 

VOL 


- 

0.4 

V 

(10L = 300 mA) 


mi 

- 

0.7 


Output Clamp Diode Leakage Current 






(Vc = 70V, See test Figure) 

•oc 

- 

- ■' 

100 

mA 

Output Clamp Forward Voltage 






(IpC = 300 mA See test Figure) 

Vfc 

mu 

- . 

1.7 

V 

Power Supply Current 






(All Inputs at V|).|) 

'cc 

- 

- 

15 

mA 

(All Inputs at V||_) 


- 

- 

70 



NOTE: All currents into device pins are shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise 
noted; 


SWITCHING CHARACTERISTICS Vcc = 5 0V, Ta = 25°C 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time 






Output High to Low 

fPHL 

- 

- 

1.0 

MS 

Output Low to High 

tPLH 

- 

- 

0.75 


Output Transition Time 

■|m 

||||||■■ 




Output High to Low ' 



- 

0.1 

MS 

Output Low to High 



- 

0.1 



(g) MOTOROLA Semiconductor Producte Inc. 
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MC1488L 


Temperature Range 


0°C to +75°C 


Package 


Ceramic DIP 


MC1488 


QUAD LINE DRIVER 

The MC1488 is a monolithic quad line driver designed to inter¬ 
face data terminal equipment with data communications equipment 
in conformance with the specifications of El A Standard No. RS-232C. 


QUAD MDTL LINE DRIVER 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• Current Limited Output 

±10 mA typ 

• Power-Off Source Impedance 

300 Ohms min 

• Simple Slew Rate Control with External Capacitor 

• Flexible Operating Supjaly Range 

• Compatible with Ail Motorola MDTL and MTTL Logic Families 


TYPICAL APPLICATION 


LINE DRIVER 
MC1438 



! INTERCONNECTING ! 
CABLE - 


CERAMIC PACKAGE 
CASE 632 
TO-116 

PIN CONNECTIONS 

















MC1488 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

^CC 

+15 

Vdc 


Vee 

-15 


Input Voltage Range 

V|R 

- 15 < V|R < 7.0 

Vdc 

Output Signal Voltage 

'^0 

±15 

Vdc 

Power Derating (Package Limitation.Ceramicand Plastic Dual-In-Line Package) 

Pd 

1000 

mW 

Derate above T/^ = +25°C 


6.7 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +75 

OC 

Storage Temperature Range 

^stg 

-65 to+175 

OC 


electrical characteristics (Vqc - +9.0 ± 1% Vdc, Vgg = -9.0 + 1% Vdc, = 0 to +75°C unless otherwise noted.) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Input Current — Low Logic State (V(l = 0) 

1 

l|L 

- 

1.0 

1.6 

mA 

Input Current - High Logic State (V|n = 5.0 V) 

1 


- 

- 

10 

UA 

Output Voltage - High Logic State 

2 

Vqh 




Vdc 

(V|L = 0.8 Vdc, Rl = 3.0 kfl, Vcc = +9 0 Vdc, V^e = -9 0 Vdc) 



+6.0 

+7.0 

- 


(V|L = 0.8 Vdc, Rl= 3.0 kO, Vqc = +13.2 Vdc, Vee = -13.2 Vdc) 



+9.0 

+ 10.5 

- 


Output Voltage - Low Logic State 

2 

Vql 




Vdc 

(V|H = 1.9 Vdc, Rl = 3,0 kfl. S/qc = +9 0 Vdc, Vee = -9 0 Vdc) 



-6.0 

-7.0 

- 


(V|H = 1.9 Vdc, Ru= 3.0 kn, Vcc = +13.2 Vdc, Vee = -13-2 Vdc) 



-9.0 

-10.5 

- 


Positive Output Short-Circuit Current (1) 

3 

IOS+ 

+6.0 

+ 10 

+ 12 

mA 

Negative Output Short-Circuit Current (1) 

3 

'OS- 

-6,0 

-10 

-12 

mA 

Output Resistance (Vcc “ '^EE “ 0, | Vq | = ±2.0 V) 

4 

■•o 

300 

- 

- 

Ohms 

Positive Supply Current (R| = oo) 

5 

'cc 

■■■lllll 



mA 

(V|H = 1.9 Vdc, Vcc “ +9-0 Vdc) 




+15 

+20 


(V|L = 0.8 Vdc, Vcc =+9.0 Vdc) 




+4.5 

+6.0 


(V|h = 1.9 Vdc, Vcc = +12 Vdc) 




+ 19 

+25 


(V|L =0.8 Vdc, Vcc =+12 Vdc) 




+5.5 

+7.0 


(V|h = 1.9 Vdc, Vcc = ■*■^9 Vdc) 




_ 

+34 


{V| L “ 0-8 Vdc, Vcc = +15 Vdc) 




- 

+ 12 


Negative Supply Current (Rl = <») 

5 






(ViH = 1.9 Vdc, Vee = -9.0 Vdc) 



- 

-13 

-17 

mA 

(V| L = 0.8 Vdc, Vee = -9 0 Vdc) 



- 

- 

-15 

mA 

(V|H = 1.9 Vdc, Vee = -12 Vdc) 



- 

-18 

-23 

mA 

(V|L = 0.8 Vdc, Vee = -12 Vdc) 



- 

- ■ 

-15 

mA 

(V|H = 1.9 Vdc, Vee =-15 Vdc) 



- 

- 

-34 

mA 

(V(L = 0.8 Vdc, Vee = -15 Vdc) 



- 

- 

-2.5 

1 mA 

Power Consumption 


Pc 




mW 

(Vcc = 9.0 Vdc, Vee = -9.0 Vdc) 




- 

333 


(Vcc = 12 Vdc, Vee = -12 Vdc) 



mmn 

- 

576 


SWITCHING characteristics (Vcc = +9.0 ± 1% Vdc, Vee 

= -9.0 ± 1% Vdc, Ta = +25°C.) 




Propagation Delay Time (z| = 3.0 k and 15 pF) 

1 

6 

IPLH 

- 

275 

350 

ns 

Fall Time (z| = 3.0 k and 15 pF) 

6 

ITHL 

- 

45 

75 

ns 

Propagation Delay Time (z| = 3.0 k and 15 pF) 

6 

tPHL 

- 

110 

175 

ns 

Rise Time (zi = 3.0 k and 15 pF) 

6 

—ilLd_ 

- 

55 

100 

ns 


(1) Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 
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MC1488 


CHARACTERISTIC DEFINITIONS 


FIGURE 1 - INPUT CURRENT 


FIGURE 2 - OUTPUT VOLTAGE 




FIGURE 3 - OUTPUT SHORT-CIRCUIT CURRENT 


FIGURE 4 - OUTPUT RESISTANCE (POWER-OFF) 




® T tb.B mA Max 


FIGURE 5 - POWER-SUPPLY CURRENTS 


FIGURE 6 - SWITCHING RESPONSE 



tTHL and tTLH Measured 10% to 90 % 












SLEW RATE (VOLTS/^) ^ S Vq, OUTPUT VOLTAGE (VOLTS) 


MC1488 


TYPICAL CHARACTERISTICS 

(Ta =+25°C unless otherwise noted.) 

FIGURE 7 - TRANSFER CHARACTERISTICS FIGURE 8 - SHORT-CIRCUIT OUTPUT CURRENT 

versus POWER-SUPPLYVOLTAGE versusTEMPERATURE 
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FIGURE 10 - OUTPUT VOLTAGE 
AND CURRENT-LIMITING CHARACTERISTICS 
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Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 11 - MAXIMUM OPERATING TEMPERATURE 
versus POWER-SUPPLY VOLTAGE 
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SLEW RATE (VOLTS/fis) 


MC1488 


APPLICATIONS INFORMATION 


The Electronic industries Association (EIA) has released the 
RS232C specification detailing the requirements for the interface 
between data processing equipment and data communications 
equipment. This standard specifies not only the number and type 
of interface leads, but also the voltage levels to be used. The 
MCI488 quad driver and its companion circuit, the MC1489 
quad receiver, provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels. The RS232C 
requirements as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 15- 
volts in magnitude and are positive for a logic "0" and negative for 
a logic "1". These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
this voltage requirement by converting a DTL/TTL logic level into 
RS232C levels with one stage of inversion. 

The RS232C specification further requires that during transi¬ 
tions, the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 


FIGURE 12 - SLEW RATE versus CAPACITANCE 
FOR Isc = 10 niA 



1.0 10 100 1000 10.000 


C, CAPACITANCE (pF) 


fast for this requirement. The current limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = Iqs ^ /AV from which Figure 12 is 
derived. Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver is also required to withstand an accidental 
short to any other conductor in an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power-supply voltages are greater than 9.0 volts (i.e., 
Vc(;;^9.0 V; Vee<“ 9-0 V). In some power-supply designs, a loss 
of system power causes a low impedance on the power-supply out¬ 
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MCI488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 


FIGURE 13 - POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 
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would be excessive. Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers, a 
diode should be placed in each power-supply lead to prevent over¬ 
heating in this fault condition. These two diodes; as shown in 
Figure 13, could be used to decouple all the driver packages in a 
system. (These same diodes will allow the MCI488 to withstand 
momentary shorts to the ±25-volt limits specified in the earlier 
Standard RS232B.) The addition of the diodes also permits the 
MCI488 to withstand faults with power-supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fault con¬ 
ditions is more than guaranteed by the previously mentioned 
10 mA output current limiting. 


Other Applications 

The MC1488 is an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: 

1. Output Current Limiting — this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins. 
Figure 14 shows the MCI488 used as a DTL to MOS translator 
where the high-level voltage output is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS input level limit. 

2. Power-Supply Range — as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match¬ 
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required fbr driving the negative pulldown 
section) to the maximum specified i5 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out¬ 
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder Could 
be used for DTL to MOS or even DTL to DTL translation. Figure 15 
shows one such combination. 
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MC1488 
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FIGURE 14 - MDTL/MTTL-TO-MOS TRANSLATOR 


FIGURE 15 - LOGIC TRANSLATOR APPLICATIONS 
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MC1489L 

MC1489AL 


QUAD LINE RECEIVERS 


The MC1489 monolithic quad line receivers are designed to inter¬ 
face data terminal equipment with data communications equipment 
in conformance with the specifications of El A Standard No. RS-232C. 


• Input Resistance — 3.0 k to 7.0 kilohms 

• Input Signal Range — i30 Volts 

• Input Threshold Hysteresis Built In 

• Response Control 

a) Logic Threshold Shifting 

b) Input Noise Filtering 


TYPICAL APPLICATION 


LINE DRIVER 
MC1488 


LINE RECEIVER 
MC1489 



QUAD MDTL 
LINE RECEIVERS 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Response i 
Control A ^ 


Output A 
Input B I 


Response 
Control B 


Output B 
Ground 



Response 
Control D 


Output D 
Input C 


Response 
Control C 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


MDTL LOGIC INPUT 


MOTL LOGIC OUTPUT 















MC1489L/MC1489AL 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

10 

Vdc 

Input Voltage Range 

V|R 

±30 

Vdc 

Output Load Current 

•l 

20 

mA 

Power Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line 




Package) 

Pd 

1000 

mW 

Derate above = +25°C 

1/0JA 

6.7 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +75 

“C 

Storage Temperature Range 

^stg 

-65 to +175 

“C 


ELECTRICAL CHARACTERISTICS (Response control pin isopen.) (Vqc = +5.0 Vdc ±1%, T/^ = 0 to +75°C unless otherwise noted) 


Characteristics 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Positive Input Current (V|h = +25 Vdc) 

(ViH = +3.0Vdc) 

1 

i|H 

3,6 

0.43 

- 

8.3 

mA 

Negative Input Current IV(l; = -25 Vdc) 

(V|L =-3.0 Vdc) 

1 

■i 

-3.6 

-0.43 

■ 

-8.3 

mA 

Input Turn-On Threshold Voltage 

(Ta =+ 25OC, VoL ^:0.45 V) MC1489 

MC1489A 


V|HL 

1.0 

1,75 

1.95 

1,5 

2.25 

Vdc 

Input Turn-Off Threshold Voltage 

(Ta =+25°C, VoH ^2.5 V, II =-0.5 mA) MC1489 

MC1489A 

2 

V|LH 

0.75 

0.75 

0,8 

1.25 

1.25 

Vdc 

Output Voltage High (V|h = 0.75 V, II = -0.5 mA) 

(Input Open Circuit, Il= -0.5 mA) 

2 

VOH 

2.6 

2.6 

4.0 

4.0 

5.0 

5.0 

Vdc 

Output Voltage Low IVn_ = 3.0 V, II = 10 mA) 

2 

VOL 

- 

0.2 

0,45 

Vdc 

Output Short-Circuit Current 

3 

•os 

- 

3.0 

- 

mA 

Power Supply Current (V|h=+ 5.0 Vdc) 

4 

•cc 

- 

20 

26 

mA 

Power Consumption (V|h=+ 5.0 Vdc) 

4 

'’c 

- 

100 

130 

mW 


SWITCHING CHARACTERISTICS (Vcc = 5.0 Vdc± 1%, T* = +250c) 


Propagation Delay Time 

(Rl = 3.9 kn) 


5 

IPLH 

- 

25 

85 

ns 

Rise Time 

(Rl = 3.9 kft) 


5 

ITLH 

- 

120 

175 

ns 

Propagation Delay Time 

(Rl = 390 a) 


5 

IPHL 

- 

25 

50 

ns 

Fa(l Time 

(RL = 390a) 


5 

ITHL 

■ - 

10 

20 

ns 
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MC1489L, MC1489AL 


TEST CIRCUITS 


FIGURE 1 - INPUT CURRENT 




FIGURE 3 - OUTPUT SHORT-CIRCUIT CURRENT FIGURE 4 - POWER-SUPPLY CURRENT 




FIGURE 5 - switching RESPONSE 


FIGURE 6 - RESPONSE CONTROL NODE 



Ct = 15 pF = total parasitic capacitance, which includes 
probe and wiring capacitances 


ViH •- 


vr 


c 

i/4 

MC1489A 


o 


RESPONSE NODE 


■•Vo 


C, capacitor is for noise filtering. 

R, resistor is for threshold shifting. 
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Vo. OUTPUT VOLTAGE (Vdc) IL, INPUT CURRENT (mA) 


MC1489L,MC1489AL 


TYPICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc, = +25°C unless otherwise noted) 


FIGURE 7 - INPUT CURRENT 



FIGURE 8 - MC1489 INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 



FIGURE 9 - MC1489A INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 



FIGURE 10 - INPUT THRESHOLD VOLTAGE 
versus TEMPERATURE 



-60 0 +60 +120 
T, TEMPERATURE (OC) 


FIGURE 11 - INPUT THRESHOLD versus 
POWER SUPPLY VOLTAGE 
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MC1489L, MC1489AL 


APPLICATIONS INFORMATION 


General Information 

The Electronic Industries Association (EI A) has released the RS-232C 
specification detailing the requirements for the interface between 
data processing equipment and data communications equipment. 
This standard specifies not only the number and type of interface 
leads, but alsd the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad receiver, 
provide a complete interface system between DTL or TTL logic 
levels and the RS-232C defined levels. The RS-232C requirements' 
as applied to receivers are discussed herein. 

The required input impedance is defined as between 3000 ohms 
and 7000 ohms for input voltages between 3.0 and 25 volts in 
magnitude: and any voltage on the receiver input in an open c^ircuit 
condition must be less than 2.0 volts in magnitude. The MCI489 
circuits meet these requirements with a maximum open circuit volt¬ 
age of one Vgg (Ref. Sect. 2.4). 

The receiver shall detect a voltage between -3.0 and -25 volts 
as a logic "1" and inputs between +3.0 and +25 volts as a logic “0" 
(Ref. Sect. 2.3). On some interchange leads, an open circuit or 
power "OFF" condition (300 ohms or more to ground) shall be 
decoded as an "OFF" condition or logic "1" (Ref. Sect. 2.5). For 
this reason, the input hysteresis thresholds of the MC1489 circuits 
are all above ground. Thus an open or grounded input will cause 
the same output as a negative or logic "1" input. 

Device Characteristics 

The MC1489 interface receivers have internal feedback from the 
second stage to the input stage providing input hysteresis for noise 


rejection. The MC1489 input has typical turn-on voltage of 1.25 
volts and turn-off of 1.0 volt for a typical hysteresis of 250 mV. 
The MC1489A has typical turn-on of 1.95 volts and turn-off of 
0.8 volt for typically 1.15 volts of hysteresis. 

Each receiver section has an external response control node in 
addition to the input and output pins, thereby allowing the design¬ 
er to vary the input threshold voltage levels. A resistor can be 
connected between this node and an external power-supply. Fig¬ 
ures 6, 8 and 9 illustrate the input threshold voltage shift possible 
through this technique. 

This response node can also be used for the filtering of high- 
frequency, high-energy noise pulses. Figures 12 and 13 show 
typical noise-pulse rejection for external capacitors of various sizes. 

These two operations on the response node can be combined 
or used individually for many combinations of interfacing appli¬ 
cations. The MC1489 circuits are particularly useful for interfacing 
between MOS circuits and MDTL/MTTL logic systems. In this 
application, the input threshold voltages are adjusted (with the 
appropriate supply and resistor values) to fall in the center of the 
MOS voltage logic levels. (See F igure 14) 

The response node may also be used as the receiver input as 
long as the designer realizes that he may not drive this node with 
a low impedance source to a voltage greater than one diode above 
ground or less than one diode below ground. This feature is 
demonstrated in Figure 15 where two receivers are slaved to the 
same line that must still meet the RS-232C impedance requirement. 


FIGURE 12 - TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 


FIGURE 13 - TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 
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XC26S10 

XC26S11 


Product Preview 


QUAD OPEN-COLLECTOR BUS TRANSCEIVERS 

These quad transceivers are designed to mate Schottky TTL or 
NMOS logic to a low impedance bus. The Enable and Driver inputs 
are PNP buffered to ensure low input loading. The Driver (Bus) out¬ 
put is open-collector and can sink up to 100 mA at 0.8 V, thus the 
bus can drive impedances as low as 100 D,. The receiver output is 
active pull-up and can drive ten Schottky TTL loads. 

An active-low Enable controls all four drivers allowing the outputs 
of different device drivers to be connected together for party-line 
operation. The line can be terminated at both ends and still give 
considerable noise margin at the receiver. Typical receiver threshold 
is 2.0 V. 

Advanced Schottky processing is utilized to assure fast propaga¬ 
tion delay times. Two ground pins are provided to improve ground 
current handling and allow close decoupling between Vcc 
ground at the package. Both ground pins should be tied to the 
ground bus external to the package. 

• Driver Can Sink 100 mA at 0.8 V (Max) 

• PNP Inputs for Low-Logic Loading 

• Typical Driver Delay = 10 ns 

• Typical Receiver Delay = 10 ns 

• Schottky Processing for High Speed 

• Inverting Driver — XC26S10 

Non-Inverting — XC26S11 


QUAD OPEN-COLLECTOR 
BUS TRANSCEIVERS 

SCHOTTKY 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

Input Voltage 

V| 

-0.5 to +5.5 

Input Current 

h 

-3.0 to +5.0 

Output Voltage - High ImpedanceState 

Vo (Hi-z) 

-0.5 to Vcc 

Output Current—Bus 

lo(B) 

200 

Output Current—Receiver 

'o(R) 

30 

Operating Ambient Temperature 

Ta 

0 to +70 

Storage Temperature 

T^stg 

-65 to +150 

Junction Temperature 

Ceramic Package 

Plastic Package 

Tj 

1 

1 

75 

50 





■■ 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vcc “ ^-25 V and = 0 to +70°C. 

Typical values measured at Vcc = 5.0 V and T/^ = 25°C.) 


Characteristic 


Input Voltage—Low Logic State 
(Driver and Enable Inputs) 


Input Voltage — High Logic State 
(Driver and Enable Inputs) 


Input Clamp Voltage 

(Driver and Enable Inputs) 
' ((1C ” 


Input Current — Low Logic State 
(V|l . = 0.4 V) 

(Enable Input) 

(Driver Inputs) 


Inp ut Curre nt - High Logic State (V(h = 2.7 V) 
(Enable Input) 

(Driver Inputs) 


Input Current — Maximum Voltage 
(V| H1 "5.5 V) 

(Enable or Driver Inputs) 


Driver Output Voltage — Low Logic State 

(Iql ~ ftiA) 

(Iql = 70 nriA) 

(Iql = 100 mA) 


Driver (Bus) Leakage Current 
(VoH = 4.5 V) 

(Vol = 0.8V) 


Driver (Bus) Leakage Current 
(Vcc = OV, VoH = 4.5 V) 


Receiver Input High Threshold 
(V|H(E) =2.4V) 


Receiver Input Low Threshold 
(V|h(E) =2.4V) 


Receiver Output Voltage — Low Logic State 
(Iql = 20 mA) 


Receiver Output Voltage — High Logic State 
(lOH = "1 -0 mA) 


Receiver Output Short-Circuit Current 


Power Supply Current — Output Low State 

(V|l(T)=0V) XC26S10 

XC26S11 



MOTOROLA S&miconetuctor Products Inc. 
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XC26S10,XC26S11 


SWITCHING CHARACTERISTICS (Vcc ~ ^ Q V- = 25°c unless otherwise noted.) 




XC26S10 

XC26S11 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Propagation Delay Time 



■umi 






Driver Input to Output 

fPLH(D) 

- 


15 



19 

ns 


fPHL(D) 

- 

iiiiiim 

15 



19 


Propagation Delay Time 






■jHHIIII 



Enable Input to Output 

tPLH(E) 

- 


18 



20 

ns 


fPHL(E) 

- 


18 

B3IIIII 


20 


Propagation Delay Time 









Bus to Receiver Output 

fPLHIRj 

- 


15 



15 

ns 


, fPHL(RI 

- - 


15 


umiiii 

15 


Rise and Fall Time of Driver Output 

fTLH(D) 

4.0 

- 

- 

ra 

- 

- 

ns 


fTHL(D) 

2.0 

- 

- 


- 

- 



SWITCHING WAVEFORMS AND CIRCUITS 


Vcc 








(g) MOTOROLA Semiconductor Rroducta Inc. 
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Advance Information 


MEMORY ADDRESS MULTIPLEXER 

The Motorola MC3232A is an address multiplexer and refresh 
counter for 16 pin 4K dynamic RAMs that require a 64 cycle re¬ 
fresh. It multiplexes twelve system address bits to the six input 
address pins of the memory device. The MC3232A also contains a 
6 bit refresh counter that is clocked externally to generate the 64 
sequential addresses required for refresh. The high performance of 
the MC3232A will erihance the high speed of the fast N-channel 
RAMs such as the MCM6604. 

• Simplifies 16 Pin 4K Dynamic Memory Design 

• Reduces Package Count 

• 6 Bit Binary Counter for 64 Refresh Address 

• Multiplexing: Row Address/Column Ad dress/Refresh Address 

• High Input Impedance for Minimum Loading of Bus: 

Ip = 0.25 mA Max 

• Schottky TTL for High Performance Address 

Input to Output Delay 

tpd = 20 ns @ Ci_ = 250 pF 

• Second Source to Intel 3232 

(Detect Zero Function Not Included) 


MEMORY ADDRESS 
MULTIPLEXER 
AND REFRESH 
ADDRESS COUNTER 

SCHOTTKY 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



L SUFFIX 

CERAMIC PACKAGE 
CASE 623 



P SUFFIX 

PLASTIC PACKAGE 
CASE 649 


Count 1 
Refresh p 
Eneble 
A1 3 




24 Vcc 

23 Row 
Enable 
22 AS 


Note; AO Through AS Are Row Addresses 

A6 Through A11 Are Columrr Addresses 


TRUTH TABLE AND DEFINITIONS 


Refresh Address 
(From Internal Counter) 


Royv Address 
(AO through A5) 


Column Address 
(A6 through ATI) 


Count — Advances Internal Refresh Counter 


1 ORDERING INFORMATION | 

Device 

Temperature Range 

HESSSiSHi 

MC3232AL 

MC3232AP 

0to7S°C 

0 to 75°C 

Ceramic DIP 

Plastic DIP 


This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 


Rating 


Power Supply Voltage 


Input Voltage 


Output Voltage 


Output Current 


Operating Ambient Temperature 


Storage Temperature 


Junction Temperature 
Ceramic Package 
Plastic Package 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 5.5 V, 0°C < T/^ < 75°C; 

typical values apply with Vgc = 5,0 V, T/\ = 25°C.) 


Min 


Characteristic 

Symbol 

Input Current, Low Logic State 
(V(L = 0.45 V) 

l|L 

Input Current, High Logic State 
(V|h = 5.5 V) 

•iH 

Input Voltage, Low Logic State 

V|L 

Input Voltage, High Logic State 

V|H 

Output Voltage, Low Logic State , , 

IIOL = 5.0 mA) 

VoL 

Output Voltage, High Logic State 
dOH ^ "l-O f’^A) 

VOH 

Input Clamp Voltage 
(l|C = -12mA) 

V|c 

Power Supply Current 
(Vcc = 5.5 V) 

•cc 



SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc ^ 5.5 V, 0°C < T/^ < 75°C; 

typical values apply with Vcc = 5.0 V, T/\ = 25°C.) 


Characteristic 


Propagation Delay Times 
Address Input to Output 

(Load = 1 TTL, Cl = 250 pF) 

(Load = 1 TTL, Cl = 15 pF, Vcc = 5.0 V,Ta = 25°C) 
Row Enable to Output 

(Load = 1 TTL, Cl = 250 pF) 

(Load = 1 TTL,Cl = 15pF, Vcc = 5.0 V,Ta = 25°C) 
Refresh Enable to Output 

(Load = 1 TTL, Cl = 250 pF) 

(Load = 1 TTL, Cl = 15 pF, Vcc = 5.0 V, Ta - 25°C) 
Count to Output 

(Load = 1 TTL, Cl = 250 pF) 

(Load = 1 TTL, Cl = 15 pF, Vcc = 5.0 V, Ta = 25°C) 


(^) MOTOROLA S&miconetuGtor Products Inc. 



16 

6.0 

25 

9.0 

ns 

28 

41 

ns 

12 

18 


30 

45 

ns 

14 

20 


55 

80 

ns 

40 

60 
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MOTOROLA Semiconductor Products Inc. 
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MC3232A 


TYPICAL APPLICATION 

16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 




MOTOROLA Semiconductor Products inc. 
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MC3245 


QUAD TTL TO MOS DRIVER 

This high-speed driver is intended as a clock (high-level) driver for 
22 pin and 18 pin dynamic NMOS RAMs. It is designed to operate 
on nominal +5 V and +12 V power supplies. 

The channel control logic is organized so that all four drivers may 
be deactivated for STANDBY operation, or single driver may be 
activated for READ/WRITE operation or all four drivers may be 
activated for REFRESH operation. 

• Control Logic Optimized for Use in MOS RAM Systems 

• Output Voltages Compatible with Many Popular MOS RAMs 

• TTL and DTL Compatible Inputs 

High-Speed Switching 

• Interchangeable with 3245. 


GATE CONTROLLED 
FOUR CHANNEL 
MOS CLOCK DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


P SUFFIX 

PLASTIC PACKAGE 
CASE 648 


TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL SYSTEM 


PIN CONNECTIONS 


MC3459 

MC3459 

MC3459 

Address 

Address 

Address 

Driver 

Driver 

Driver 


is) Output D 


Channel 



I '7001 
IK NMOS 
RAMS 



_ 

111 1 

Clock 


MC3245 
Chip Select 


MC3461 MC10125 

Sense MECLtoTTL 

Amplffler Translator 
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MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted.) 



Rating 


Value 


Power Supply Voltages 

Vcc 

-0.5 to +7.0 

Vdc 


VdD 

-0.5 to +14 

Vdc 

Output Voltage 

Vo 

-1.0 to Vdd +1.0 


Input Voltage 

V| 

-1.0 to Vdd 

BW 

Operating Ambient Temperature Range 

Ta 

0 to -H75 

mm 

Storage Temperature Range 

iim!9 

-65 to +150 


Junction Temperature 

Tj 


OC 

Ceramic Package 


175 


Plastic Package 


150 





RECOMMENDED OPERATING CONDITIONS 


Characteristic 


Power Supply Voltages 


Operating Ambient Temperature Range 


Symbol 

Min 


Max 


Vcc 

4.75 

5.0 

5.25 

Vdc 

Vdd 

11.4 

12 

12.6 

Vdc 

Ta 

0 

- 

1 75 

“C 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recomniended power supply and tempera¬ 
ture conditions. Typical values measured at Ta = 25°C.) 


Characteristic 


Output Voltage — High Logic State 
(V|l = 0.8 V, loH^-l-OmA) 


Output Clamp Voltage — High Logic State 
dOH “ 5.0 mA, V|L = 0 V) 


Output Voltage — Low Logic State 
(V|H = 2.0 V, loL = 5.0 mA) 


Output Clamp Voltage — Low Logic State 
(V|H = 5.0 V, loL-5.0 mA) 


Input Voltage — High Logic State 


Input Voltage — Low Logic State 


Input Clamp Voltage 
die =-5.0 mA) 


Input Current — High Logic State 
(V| = 5.0 V) 

Channel Select Inputs 
Refresh Select and Enable Inputs 


Input Current — Low Logic State 
(V|L = 0.45 V) 

Channel Select Inputs 
Refresh Select and Enable Inputs 


Power Supply Current — Output High Logic State 

(Vcc = 5.25 V, V|L = 0 V, Iqh = 0 mA, Vqd = 12.6 V) 


Power Supply Current — Output Low Logic State 

(Vcc ^ 5.25, V|n = 5.0 V, Iql = 0 ftA, Vdd = 12.6 V) 



MOTOROLA Semiconductor Products Inc. 
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IVIC3245 


SWITCHING CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and tempera- 
__^_ ture conditions. Typical values measured at +25°C.) _ • __ 


Characteristic 

Symbol 

Mind) 

Typ (2) 

Max (3) 

Unit 

Delay Time 

Output High to Low Level (Rs = 0 fll 

IDHL 

3.0 

7.0 


ns 

Output Low to High Level (Rs = 0 fl) 

tDLH 

5.0 

11 

- 


Transition Time 

Output High to Low Level (Rs = 20 O) 

tTHL 

10 

17 

25 

ns 

Output Low to High Level (Rs = 20 Si) 

ITLH 

10 

17 

25 


Propagation Delay Time 

Output High to Low Level (Rs = 0 n) 

tPHL 


18 

32 

ns 

Output Low to High Level (Rs = 0 n) 

tPLHI 

- 

20 

32 


(Rs = 20 n) 

tPLH2 

- 

27 

38 



(1) Cl= 150pF 

(2) Cl - 200 pF 

(3) Cl = 250 pF 


CAPACITANCE* (Unless otherwise specified, Ta = +25°C.f = 1.0 MHz, V| = 2.0 V, and Vcc"0 V-) 


Characteristic 

ESSSB 

Min 

msm 

Max 

msm 

Input Capacitance 

Channel Select Inputs 

Cin(CS) 

- 

5.0 

8.0 

pF 

Input Capacitance 

Refresh or Enable Inputs 

Cin(E) 

- 

8.0 

12 

pF 


•Periodically sampled, but not 100% tested. 


FIGURE 1 - switching TEST WAVEFORMS 



PBR = 1 MHz 
PW = 500 ns 
^TLH ^ tTHL = 5-0 ns 


FIGURE 2 - SWITCHING TEST CIRCUIT 


To Scope 
(Input) 


To Scope 
(Output) 


Pulse Generator 
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ORDERING INFORMATION 


Device Temperature Range 


MC3408L 0“C to +70'’C 


Package 


Ceramic DIP 


MC3408 


LOW-COST EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

. . . designed for use where the output current is a linear product 
of an eight-bit digital word and an analog input voltage. 

• Relative Accuracy: ±0.5% Error Maximum 

• Low Price Allows Use of a D/A in Many New Applications 

• Monotonicity Guaranteed to 8 Bits 

• Fast Settling Time — 300 ns typical 

• Noninverting Digital Inputs are MTTL and 

CMOS Compatible 

Output Voltage Swing — +0.4 V to -5.0 V 

• High-Speed Multiplying Input 

Slew Rate 4.0 mA/^s 

• Standard Supply Voltages: +5.0 V and 

-5.0 V to-15 V 


EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 2 - BLOCK DIAGRAM 


FIGURE 1 - 0-to-A TRANSFER CHARACTERISTICS 




INPUT DIGITAL WORD 


TYPICAL APPLICATIONS 


• Tracking A-to-D Converters 

• Successive Approximation A-to-D Converters 

• 2 1/2 Digit Panel Meters and DVM's 

• Waveform Synthesis 

• Sample and Hold 

• Peak Detector 

• Programmable Gain and Attenuation 

• CRT Character Generation 


• Audio Digitizing and Decoding 

• Programrrable Power Supplies 

• Analog-Digital Multiplication 

• Digital-Digital Multiplication 

• Analog-Digital Division 

• Digital Addition and Subtraction 

• Speech Compression and Expansion 

• Stepping Motor Drive 














MC3408 



MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VcC 

+7.0 

Vdc 


Vee 

-16.5 


Digital Input Voltage 

V5 thru V12 ■ 

0 to +15 

Vdc 

Applied Output Voltage 

Vo 

+0.5,-5.2 

Vdc 

Reference Current 

•14 

5,0 

mA 

Reference Amplifier Inputs 

V14.V15 

VcC.VeE 

Vdc 

Operating Arhbient Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 

Junction Temperature 

Tj 

+175 

°C 


ELECTRICAL CHARACTERISTICS (Vqc =+5.0 Vdc, Vee =-15 Vdc,= 2.0mA, = 0 to+7b°C unless otherwise noted. 

) All digital inputs at h'igh logic level.) 


Characteristic 


Symbol 

Relative Accuracy (Error relative to full scale Iq) Note 1 

4 

Er 

Monotonicity 



See Multiplying Accuracy on Page 6 

■ 


Settling Time to within ±0.5% of Full Scale (includes tpt_|-|l 

5 

ts 

(TA=+25°C)See Note 2 



Propagation Delay Time 

5 

tPLH-tPHL 

Ta = +25°C 



Output Full Scale Current Drift 


TCIo 

Digital Input Logic Levels (MSB) 



High Level, Logic “1" 


V|H 

Low Level, Logic "0" 

IHI 

V|L 

Digital Input Current (MSB) 

IHH 


High Level, V|H “ 5.0 V 


l|H 

Low Level, V|L “ 0.8 V 


l|L 

Reference Input Bias Current (Pin 15) 


1)5 

Output Current Range 


'or 

Vee =-5.0 V 

Vee =-15 V (Ta = 25°c) 

■ 


Output Current 

3 

•o 

Vref = 2.000 V, R14 = 1000 SI 



Output Current 


lo(min) 

(All bits low) 

■1 


Output Voltage Compliance (E^ < 0.5% at Ta = +25°C) 


Vo 

Pin 1 grounded 



Pin 1 open, Vee below-10 V 



Reference Current Slew Rate 

6 

SR Iref 

Output Current Power Supply Sensitivity 


PSRR(-) 

Power Supply Current 1 

■■ 

'cc 

(All bits low) 

■i 

'EE 

Power Supply Voltage Range 

3 

VcCR 

(Ta = +25°C) 


Veer 

Power Consumption 

3 

Pc 

All bits low 



Vee = -5.0 Vdc 

Vee = -15 Vdc 

All bits high 

Vee = -5.0 Vdc 



Vee = -15 Vdc 





Unit 


% 

- 

ns 

ns 

PPM/°C 

Vdc 

mA 

aA 

mA 

mA 

aA 

Vdc 

mA/As 

aA/V 

mA 

. Vdc 


mW 
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MC3408 


TEST CIRCUITS 

FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUIT 


Typical Values: R14 = R15 = 1 k 
V,„=t2.0V 
1,4 C=1SpF 

1,4 ^ R14 
-O--f- 


\/| and I, apply to inputs At 
thru A8 

The resistor tied to pin 15 is to temperature compensate the 
bias.current and may not be necessary for all applications. 

r A1 A2 A3 A4 A5 A6 A7 /JkS 

'0 = Ki — + — + - + - + -+ - + - + - 

'■2 4 8 16 32 64 128 256 


and Am = '’I ' if Am is at high level 
Am = "0" if Am is at low level 


FIGURE 4 - RELATIVE ACCURACY TEST CIRCUIT 

MSB 



FIGURE 5 - TRANSIENT RESPONSE and SETTLING TIME 

2.4 V 1/- 



g For settling time 
measurement. 

(All bits switched 
low to high) 

Co ^26 pF 


0.7 Vf- 
SETTLING TIME 
e^ for Figure 5 


TRANSIENT 

RESPONSE 

-ioo - 

mV 


tPHL * *PLH <10r 
1“ Internal 
I Clamp Level 


Use Rl GNO for 
turn off 

measurement (see ti 


Rl - 60« 
pin 4 to GNO 




MOTOROLA Semiconductor Products Inc. 











MC3408 


TEST CIRCUITS (continued) 


FIGURE 6 - REFERENCE CURRENT SLEW 
RATE MEASUREMENT 

Vcc 



THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

Tj(max) 'Ta 
ROJA(Typ) 

Where; Pd(Ta) = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
T/^ = Maximum Desired Operating Ambient 
Temperature 

R^jAlTyp) = Typical Thermal Resistance Junction to 
Ambient 


FIGURE 7 - POSITIVE Vref 


Vcc 



FIGURE 8 - NEGATIVE V^ef 

Vcc 



^OTOf?OLA Semiconductor Products Inc. 








MC3408 


FIGURE 9 - MC3408 EQUIVALENT 
CIRCUIT SCHEMATIC 

DIGITAL INPUTS 



COMPENSATION Vref(_) E E OUTPUT GND 

RANGE 

CONTROL 


CIRCUIT DESCRIPTION 


The MC3408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 


a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current is shunted to ground, and the 
maKimum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched. 



MOTOROLA 


Semiconductor Products Inc. 
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ORDERING INFORMATION 


Temperature Range Package 


MC3410L 

MC3410P 

MC3410CL 

MC3410CP 

MC3510L 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
-55°C to +125°C 


Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


Specifications and Applications 
Information 


TEN BIT D TO A CONVERTER 

The MC3410 series devices are low-cost, high-accuracy monolithic 
D/A converter subsystems. Like their MC1408 series predecessors, 
they provide the logic controlled current switches, the R-2R resistor 
ladder network and output termination networks. The output buffer 
amplifier and reference voltage have been omitted from the circuit 
to allow greatest system speed, flexibiliby and lowest cost. This device 
is useful in industrial control and microprocessor based systems. 

• Relative Accuracy — ±0.05% Error Maximum 

(MC3510and MC3410) 

• Fast Settling Time — 250 ns Typical 

• Noninverting Digital Inputs are MTTL and CMOS Compatible 
(from 5 to 15 V CMOS) 

• Output Voltage Swing — +0.2 V to —2.5 V 

• High Speed Multiplying Input Slew Rate — 20 mA/ps 

• Standard Supply Voltages — +5 V and — 15 V 

• All Categories Guaranteed Monotonic 

• Reference Amplifier Internally Compensated 


MC3410 

MC3510 MC3410C 


LASER TRIMMED 

TEN BIT, MULTIPLYING 

digital-To-analog 

CONVERTER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



P SUFFIX " 

CASE 648-03 
(PLASTIC PACKAGE) 
(MC3410, MC3410C ONLY) 


L SUFFIX 

CASE 690:07 
(CERAMIC PACKAGE) 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters 

Successive Approximation A-to-D Converters 

3-Digit Panei Meters and DVM's 

Waveform Synthesis 

Sample and Hold 

Peak Detector 


Programmable Gain and Attenuation 
Programmabie Power Supplies 
Anaiog-Digital Multiplication 
Digital-Digital Multiplication 
Speech Compression and Expansion 
Sample Data Systems 
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MAXIMUM R ATINGS (T/\ = +25'’C unless otherwise noted.) 


Rating 

Symbol 

Power Supply Voltage 

Vcc 

Vee 

Digital Input Voltage 

V| 

Applied Output Voltage 

Vo 

Reference Current 

•rEF(16) 

Reference Amplifier Inputs 

Vref 

Reference Amplifier Differential Inputs 

VreF(D) 

Operating Temperature Range 

(VIC3510 

MC3410,C 

Ta 

Junction Temperature 

Ceramic Package 

Plastic Package 

Tj 


Value 


+7.0 

-18 


+15 


+0.7,-5.0 


2.5 


VcC- VEE 


0.7 


ELECTRICAL CHARACTERISTICS (Vcc = +5 0 Vdc, Vee = -16 Vdc,-^= 2.0 mA, 
MC3410 Series: = 0 to +70°C unless otherwise noted. All digital inputs at high logic level.) 


Symbol 


Er 


Characteristic 


Relative Accuracy (Error relative to full scale In) Ta = 25°C 
MC3510 
MC3410 
MC3410C 


Relative Accuracy Temperature Drift (Relative to Full Scale Iq) 


Monotonicity (T^ = 25 C) 


Settling Time to within 11/2 LSB (T^ = 25'’C) (All Bits Low to High) 


Propagation Delay Time 
Ta = +25°C 


Output Full Scale Current Drift 


Digital input Logic Levels (All Bits) 
High Level, Logic "1" 

Low Level, Logic "0" 


Digital Input Current (All Bits) 
High Level, V|H = 5.5V 
Low Level, V|l = 0.8V 


Reference Input Bias Current (Pin IS) 


Output Current Range 


Output Current 

Vref = 2.0p0 V, Rte = 1000 Si 


Output Current MC3510, MC3410 

(All bits low) IVIC3410C 


Output Voltage Compliance (T25 C) 

Er < 0.05% relative to FS - IV1C3510, MC3410 

Er <S 0.10% relative to FS - MC3410C 


Reference Amplifier Slew Rate 


Reference Amplifier Settling Time 
(0 to 4.0 mA, ±0.1%) 


Output Current Power Supply Sensitivity MC3510, MC3410 

IVIC3410C 


Output Capacitance (Vq = 0) 


Digital Input Capacitance (All Bits, Inputs High) 


Power Supply Current 
(All Bits low) 


Power Supply Voltage Range 
(Ta = +25°C) 


Power Consumption 
All Bits low 
All Bits high 






































































































































MC3410, MC3510, MC3410C 


TEST CIRCUITS 


FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUITS 


VI and 11 apply to inputs A1 
thruAIO 


The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 


^+^ + .^+^^1 + ^+ ^+ ^ I A8 ^ A9 ^ A10 
2 4 8 16 32 64 128 256 512 1024 


Digital / A5 
Inputs \ A6 


and A|vj = "1" If Afvj Is at high level 
A M = "0" if Am Is at low level 


Typical Values: 
R15 = R16 = 1 k 
Vref (+> = +2.0 V 
V^ef (—) = Gnd 

Iq “ 




16 

R16 

n5 





^ -♦-.115 



15 

R15 

°8 

MC3510/ 



^9 

MC3410 



r>lS— 


3 

^Iq V 

0- 



1 ° 

o’" 


2 


■TT. 


nl 

i 

V| ' 

’9. 

“ 

"rr 

.i 

IfiEE 




0 Vee 




FIGURE 4 - RELATIVE ACCURACY TEST CIRCUIT 

MSB _ 


14-Bit 

O/A Converter 
<± 0.003% 
Max Error) 


0 to +10 V Output 


Error (1 V * 0.25%) 


MC3510/MC3410 




FIGURE 5 - SETTLING TIME 


Vcc 

*?0.1)L1F 



1 0.Imp Rise and Fall Times < 10 ns 

2.4V - -, 

— V| -t \l.4V 

^ For settling time 0.4 V . ^^ 

measurement. 

—O (AM bit switched j--Internal Clamp Level 

Vq low to high) I 

Co<25pF Vq \ 


tg — 250 ns Typical 
to ± 1/2 LSB 


Use Ri to Gnd for Turn-Off Measurement 
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MC3410, IVIC3510, MC3410C 



The MC3410 consists of a reference current amplifier, a dif¬ 
fused R-2R ladder, a laser trimming network, and ten high-speed 
current switches. The trimming method employed makes it 
possible to improve the linearity attainable with modern dif¬ 
fusion technology by as much as a factor of ten so that a highly 
linear part results. The trim is performed by cutting aluminum 
links arranged to give incremental variations in voltage at the 
ladder termination amplifiers (See Figure 10). This yields a high¬ 
ly stable trim with no increase in fabrication complexity. 

The switches are non-inverting in operation, so that a high' 
state on an input turns on the specific component of output 
current. The switches use current steering for speed, and inter¬ 


face the R-2R ladder through uhity gain feedback termination 
amplifiers, which provide low impedance terminations of equal 
voltage for all legs of the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the current 
switches. The three least-significant bit switches derive their 
current through emitter scaling from the last leg of the ladder. 
The remaining current, equal to one LSB, is shunted to V^c af 
the LSB , switch. Therefore, the maximum output current is 
1023/1024 of the reference amplifier current, or nominally 
3.996 mA for a 2.000 mA reference input current. 


THERMAL INFORMATION 

The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 

can tolerate at a given operating ambient temperature, can currents at the-worsl case operating condition, 

be found from the equation: . Tj(n)ax) " Maximum Operating Junction Temperature 

Tj(max) "Ta as listed in the Maximum Ratings Section 

Pd(Ta) ==■ RflJAlTyp) Ta = Maximum Desired Operating Ambient 

Temperature 

Where: Pd(TaI "" Power Dissipation allowable at a given. ROJAlTyp) = Typical Thermal Resistance Junction to 

operating ambient temperature. This must be greater than Ambient 


CIRCUIT DESCRIPTION 


FIGURE 10 - MC3410 10-BIT 0/A CONVERTER EQUIVALENT CIRCUIT 

12 13 

AlO 
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GENERAL INFORMATION 


Reference Amplifier 

The reference amplifier allows the user to provide a voltage 
and a resistor to Pin 16 to convert the reference voltage to a 
current. A current mirror doubles this reference current and 
feeds it to the R-2R ladder. Thus for a reference voltage of 
2.0 Volts and 1 kSl resistor tied to Pin 16, the full-scale current 
is approximately 4.0 mA. The reference input current, 116, 
must flow into. Pin 16 regardless of the setup method or 
reference voltage polarity. 

Co/inections for a positive reference voltage are shown in 
Figure 8. The reference voltage source supplies the full current 
116. For bipolar refererence signals, as in the multiplying mode, 
R15 can be tied to a negative voltage corresponding to the 
minimum input level. It is possible to eliminate R15 with only a 
small sacrifice in accuracy and temperature drift. 

The reference amplifier is internally compensated with a 10 
pF feed-forward capacitor, which gives it its high slew rate and 
fast settling time. Proper phase margin is maintained with all 
possible values of R16 and reference voltages which supply 2.0 
mA reference current into Pin 16. The reference current can 
also be supplied by a high impedance current source of 2.0 mA. 
As R16 increases, the bandwidth of the amplifier decreases 
slightly and settling time increases. For a current source with a 
dynamic output impedance of 1.0 MH, the bandwidth of the 
reference amplifier is approximately half what it is in the case 
of R16 =1.0 kfJ, and settling time is « 10 ps. The reference 
amplifier phase margin decreases as the current source value 
decreases in the case of a current source reference, so that the 
minimum reference current supplied from a current source is 
0.5 mA for stability. 

A negative reference voltage may be used if R16 is grounded 
and the reference voltage is applied to R15 as shown in Figure 
9. A high input impedance is the main advantage of this method. 
The negative reference voltage must be at least 3 Volts above the 
VgE supply for proper operation. Bipolar input signals may be 
handled by connecting R16,to a positive voltage equal to the 
peak positive input level at Pin 15. 

When a dc reference voltage is used, capacitive bypass to 
ground is recommended. The 5-V logic supply is .not recom¬ 
mended as a reference voltage. If a well regulated 5.0-V supply, 
which drives logic, is to be used as the reference, R16 should be 
decoupled by connecting it to the +5.0 V logic supply through 
another resistor and bypassing the junction of the two resistors 
with a 0.1 pF capacitor to ground. 

Output Voltage Range 

The voltage on Pin 3 is restricted to a range of —2.5 V to 
+0.2 V due to the current switching methods employed in the 
MC3410. When a current switch is turned off, the positive volt¬ 
age at the output terminal can turn on the output diode and in¬ 
crease the output current. When a current switch is on, the nega¬ 
tive output voltage range is restricted to the point at which the 
low current device of the termination amplifier Darlington be¬ 
gins to saturate, resulting in a decrease in output current. 

The output voltage compliance is guaranteed at 25°C. Note 
from Figure 14 that the output compliance of the IVIC3410 is 
nearly constant over temperature. 

Accuracy 

Absolute accuracy is a measure of each output current level 
with respect to Its intended value. It is dependent upon relative 
accuracy and fuU scale current drift. Relative accuracy, or 
linearity, is the measure of each output current with respect to 
its intended fraction of the full scale current. The relative accu¬ 
racy of the IVIC3410 is fairly constant over temperature due to 
the excellent temperature tracking, of the diffused resistors'. The 
full scale current from the reference amplifier may drift with 
temperature causing a change in the absolute accuracy. However, 
the MC3410 has a low full scale current drift with temperature. 

The MC3510 and IVIC3410 are guaranteed accurate to within 
±1/2 LSB at 25®C and at a full scale current of 3.996 mA. 
Input reference current to Pin 16 is guaranteed to be between 


1.9 and 2.1 mA to produce a full scale output current of 3.996 
mA. The relative accuracy test circuit is shown in Figure 4. The 
14 bit D/A converter is calibrated for a full scale output of 3.996 
mA. This is an optional step as the relative accuracy of the 
MC3410 is nearly constant between 3mAand 5 mAfull scale cur¬ 
rent. The MC3410 is calibrated at full scale with the 14-bit 
reference D/A by adjusting R16 until the error voltage goes to 
zero. The counter is activated and the error band may be dis¬ 
played on an oscilloscope, detected by comparators, or stored on 
a peak detector. 

Monotonicity 

The MC3510, MC3410 and MC34,10C are all guaranteed to 
be monotonic at room temperature’ This guarantees that for 
every increase in the input digital word, the output current 
either remains the same or increases, but never decreases. The 
MC3510 and MC3410 are typically monotonic over their 
respective temperature ranges. In the multiplying mode (when 
the reference current is varied), monotonicity is typically main¬ 
tained for all values of input reference current above 0.5 mA. 

Settling Time 

The worst case switching condition occurs when all bits are 
switched "on,” which corresponds to a low-to-high transition for 
all bits. This time is typically 250 ns for the output to settle to 
within ± 1/2 LSB for 10-bit accuracy, and 200 ns for 8-bit 
accuracy. The turn-off time is typically 120 ns. These times 
apply when the output swing Is limited to a small (< 0.7 Volt) 
swing and the external output capacitance is under 25 pF. 

The major carry (MSB off-to-on, all others on-to-off) settles 
in approximately the same time as when all bits are switched 
off-to-on. 

The slowest switches are bit A10 (LSB) and bit A9, which 
turn on and settle in typically 200 ns, and turn off in 100 ns. 

In the test circuit of Figure 5, the output voltage is internally 
clamped in the MC3410 at about 0.7 Volts above ground. The 
output is thus limited to a 0.7 Volt swing. If a load resistor of 
625 Ohms is connected to ground, allowing the output to swing 
to —2.5 Volts, the settling time increases to 1.5 ms. 

Extra care must be taken in board layout as this is usually the 
dominant factor in satisfactory test results when measuring 
settling time. Short leads, lOOjuF supply bypassing, and mini¬ 
mum scope lead length are all necessary. 

MC3510 TERMINOLOGY 

RELATIVE ACCURACY — Maximum output deviation from 
the straight line connecting zero and full scale, expressed 
as a percentage of full scale. 

RELATIVE ACCURACY DRIFT — The average change in 
linearity error that will occur with a change in ambient 
temperature, expressed in parts per million of full scale per. 
degree C. 

MONOTONICITY - For every increase in the Input digital 
word, the output current either remains the same or increases. 
SETTLING TIME — The elapsed time from the input transition 
until the output has settled within an error band about its 
final value. 

OUTPUT FULL SCALE CURRENT DRIFT - The average 
change in full scale current between 25° C and either tempera¬ 
ture extreme, expressed in parts per'million of full scale per 
degree C. 

REFERENCE AMPLIFIER SLEW RATE - The maximum rate 
of change of the full scale output current expressed in 
milliamperes per microsecond. 

OUTPUT VOLTAGE COMPLIANCE - The maximum voltage 
that can be applied to the output pin so that the specified 
change in output current is not exceeded. 

POWER SUPPLY SENSITIVITY - The change in full scale 
current caused by a change in V^g, expressed as a percent 
of full scale current per percent change in Vgg. 


(^) MOTOROLA Semiconductor Products Inc. 
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APPLICATIONS INFORMATION 


Voltage outputs are obtainable with this circuit which uses an 
external operational amplifier as a current to voltage con¬ 
verter. This configuration automatically keeps the output of 
the MC3410 at ground potential and the operational amplifier 
can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are 
primarily determined by the characteristics of the operational 
amplifier. In addition, 'the operational amplifier must be 
compensated for unity gain, and in some cases overcompensa¬ 
tion may be desirable. 

Note that this configuration results in a positive output volt¬ 
age only, the magnitude of which Is dependent on the digital 
input. 

The following circuit shows how the MLM301A can be 
used in a feedforward mode resulting in a full scale settling time 
on the prder of 2.0 ms. 


FIGURE 17 


65 pF 



An alternative method is to use the MCI 539 and input 
compensation. Response of this circuit is also on the order of 
2.0 MS. See Motorola Application Note AN-459 for more details 
on this concept. 


FIGURE 19 - EXTENDING POSITIVE 
VOLTAGE RANGE 



-15 V 


The output voltage range for this circuit is 0 volts to BVcbO 
of the transistor. Variations in beta must be considered for wide 
temperature range applications. An inverted output waveform 
may be obtained by using a load resistor from a positive refer¬ 
ence voltage to the collector of the transistor. Also, high-speed 
operation is possible with a large output voltage swing, because 
Pin 3 is held at a constant voltage. The resistor (R) to V^e main¬ 
tains the transistor emitter voltage when all bits are "off" and 
insures fast turn-on of the least significant bit. 


FIGURE 20 - OUTPUT CURRENT TO 
VOLTAGE CONVERSION 



The positive voltage range may be extended by cascading 
the output with a high beta common base transistor, Q1, as 
shown. 



« w r^i A2 


8 16 32 64'^128 256'^512 


Aiol 

1024 


for 10 volt futlscale calibration 
2(2.5 k) „ ,, 


Vq = 10 Volts [0.9990) 
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APPLICATIONS INFORMATION (Continued) 


Bipolar or Negative Output Voltage 

The circuit in Figure 21.is a variation of the standard output 
voltage circuit in Figure 20 A negative or offset binary output 
may be obtained by sourcing current from the reference into 
the output through Rg. If Rg allows 2 mA(RB.= 2.5 knfrom 5 
Volts) then 1000000000 input will generate zero output 
voltage. 


FIGURE 21 - OFFSET BINARY OR 
BIPOLAR DAC 



Successive Approximation A to D 

The fastest and most efficient means of A to D conversion 
using D to A convertors is successive approximation (SA). 
Similar in appearance to staircase devices, the SA converter is 
capable of 100 times faster conversions for a 10-bit result. A 
complete 10-bit SA converter using MC3410 and MC14559/49 
successive approximation registers is shown in Figure 22. The 
complexity which results in higher conversion speeds is con¬ 
tained in the MC14559/49 registers. Quite simply, jhe register 
compares the DAC output resulting from activating each bit 
with the input voltage. This is done starting with most signifi¬ 
cant bit and after 10 comparisons generates the |10-bit binary 
output representing that input. The accuracy of the conversion 
is fixed by the accuracy of the MC3410 and is not dependent 
on tolerances of the other components. An EOC outout is 
available and can be used to latch the parallel output or to 
synchronize the serial output which is also available. For more 
details on SA converters, see AN-716. 


For Offset Binary Output From +5 V to —5 V 

Rq s 2.5 kU 
Rg s 2.5 kQ 


A3 ^ 
8 16 



' FIGURE 22 - SUCCESSIVE APPROXIMATION CONVERTER 
USING MC3410 
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APPLICATIONS INFORMATION (Continued) 


Staircase A to D 


If high conversion speed is not required, a staircase A to O One advant 

convertor can be built for somewhat lower cost. A complete BCD outputs i 

staircase A/0 convertor is shown in Figure 23. Here the com- meter using tf 

plicated SA registers are replaced with simple binary counters. counter. Th< 

With an input voltage applied, the binary counter is reset by Multiplexed i 

the convert command pulse and the begin accumulating counts. counters. Para 

The OAC output steps upward until the comparator detects the MC14518 

that the input is equal to the DAC output. The counters are In both th 

disabled and the conversion result is held at the output until mined by the s 

the circuit is reset by the convert command input. 

FIGURE 23 - 10-BIT STAIRCASE A to D 
USING MC3410 

Convert Command 


One advantage of staircase conveirtors is the ease with which 
BCD outputs may be obtained. Figure 24 shows a 3-digit panel 
meter using the staircase technique and an MCI 4553 3-decade 
counter. The circuit function is similar to Figure 23 but 
Multiplexed BCD output is available from the MC14553 
counters. Parallel BCD may be obtained with equal ease using 
the MC14518 two decade CMOS counters. 

In both these staircase designs the system accuracy is deter¬ 
mined by the specified accuracy of the MC3410. 


Full Scale Adjust 


Rq = V} (max) 
4^ma 




hd MC14040 * * 

“""l 12-Bit Binary Counter 

6| 51 3|4| Ih3h2ll4| MS 


Binary Output 


FIGURE 24 - 3 DIGIT DVM USING MC3410 



+5 V 


V 3 




Mc\^6 500 

2 

2 

1741 




3 


0-15V 



_/ 14001 /^ 


(Vref) 3 
+ 5 V I- 





! 

I-j 

39 

MC14553 

11 110 ^ 

12 

__ , 

r-r-rm-' 
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APPLICATIONS INFORMATION (Continued) 


FIGURE 25 - ALTERNATE APPROACH STAIRCASE A TO D 


+ 5 V 





MOTOROLA Stsmicone/uctor Rrt>€tuGi9 Inc. 
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Decade 


MC34T0, MG3510, MC3410G 


APPLICATIONS INFORMATION (Continued) 

BCD O to A Converter 

BCD output A to D conversions are most easily accomplished 
by accumulating the digital results in two different counters, but 
that concept does not extend to BCD Dto A techniques. Using 
the circuit in Figure 26 a three-digit BCD number can be con¬ 
verted to a 10-bit accurate voltage. The MC14008's perform 
the combinational BCD-to-Binary conversion. The accuracy of 
this circuit is also solely dependent on the accuracy of the 
iyiC3410. 


FIGURE 26 - 3-DECAOE BCD DAC 
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Specifica^tions and Applications 
Information 


4x4x2 CROSSPOINT SWITCH 

The MC3416 consists of a pair of 4 x 4 matrices of dielectrically 
isolated SCR's, triggered by a common selection matrix. The device is 
intended for switching analog signals in communication systems. The 
use of dielectric isolation processing provides excellent crosstalk 
isolation while maintaining minimal insertion loss. 

The selection array consists of PNP transistors with the input 
thresholds compatible with either McMOS or MTTL logic families. 

The MC3416 is a monolithic pin-for-pin replacement for the 
discontinued l\/ICBH7601 hybrid device. 

• Low Series Resistance - ron = 6.0 Ohms (Typ) @ Iak = 20 mA 

• High Series Resistance - rgff = 100 M^2 (Min) 

• Pin Compatible with MCBH7601 or RC4444 

• High Breakdown Voltage - 30 V (Typ) 

• Selection Matrix Compatible with TTL or CMOS Logic Levels 

• Dielectric Isolation Insures Low Crosstalk and Low Insertion Loss 


4x4x2CROSSPOINT 

SWITCH 

DIELECTRICALLY ISOLATED 
MONOLITHIC 
INTEGRATED CIRCUIT 


LSUFFIX 

CERAMIC PACKAGE 
CASE 623 



FIGURE 1 - REPRESENTATIVE CELL SCHEMATIC 
(Repeated 16 Times) 

Anode A1 Anode A2 

(B1,C1,D1 (B2,C2,D2 

Row Select are Equivalent) are Equivalent) 

w g o 

(X,Y,Z are Equivalent) 6^^—- 1 

Cathode- SCR1JL VSCR2 

(X1,Y1,,Z1 are Equivalent) O- 1* H I - 1 1- ' - O Cathode W2 

D1 O D2 (X2,Y2,Z2 are Equivalent) 

Column Select A 
(B,C,0 are Equivalent) 

FIGURE 2 - MATRIX CONFIGURATION AND NOMENCLATURE 
(X Indicates a Possible Connection) 

A a Columns - _ 


Associated Pairs 

Triggered 

Simultaneously 
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MAXIMUM RATINGS (Unless otherwise 


__Rating 


Anode-Cathode Current — Contitiuous 
(only one SCR at a time) 


Enable Current 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature Range 


noted, Ta * 25°C) 


Symbol I Value 


'AK 


10 


0 to +70 


-65 to +150 


150°C 




ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Ta = 


Characteristic 

Symbol 

Anode Cathode Breakdown Voltage 
(Iak=25mA) 

BVak 

Cathode-Anode Breakdown Voltage 
(Ika“25mA) 

BVka 

Base-Cathode Breakdown Voltage 
(Ibk = 25mA) 

BVbk 

Cathode-Base Breakdown Voltage 
(IKB = 25 mA) 

BVkb 

Base-Emitter Breakdown Voltage 
(IBE = 25 mA) 

BVbe 

Emitter-Cathode Breakdown Voltage 
(IEK “ 25 mA) 

BVek 

OFF State Resistance 
(Vak = 10V) 

toff 

Dynamic ON Resistance 

(Center Current = 10 mA) (See Figure 8) 

(Center Current = 20 mA) 

ton 

Holding Current 
(See Figure 10) 

•h 

Enable Current 

(Vbe “ 1-5 V) (See Figure 7) 

•En 

Anode-Cathode ON Voltage 
(•aK “ 10 mA) 

(lAK=20mA) 

Vak 

Gate Sharing Current Ratio @ Cathodes 

(Under Select Conditions with Anodes Open) (See Figure 3) 

GSh 

Inhibit Voltage 

(Vb = 3,0 V) (See Figure 9) 

'^inh 

Inhibit Current 

(Vb = 3,0 V) (See Figure 9) 

hnh 

OFF State Capacitarrce 

I^AK = 0 V) ( See Figure 6) 

Coff 

Turn-ONTime 
(See Figure 4) 

Ion 

Minimum Voltage Ramp (Which Could Fire the SCR Under 

Transient Conditions) 

dw/dt 



FIGURE 3 - TEST CIRCUIT 




Gsh - T2 


MOTOROLA S&nniconductor Ptoduats Ints. 
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FIGURE 4 - TEST CIRCUIT FOR dv/dt AND to 






lEn j ^ 
—i >7 18 ' 



Scope 

——O Vc Scope 
II Two Wire 

I Crosspoint 

I Eiement 

Under Test 


FIGURE 5 - TEST WAVEFORMS FOR dv/dt AND ton 

—U—6.25 ns 
6.25 ms— ej [-•—I 

* jnjTri_rLrLrL 


FIGURE 7 - ENABLE CURRENT 
(Both SCR’s Must Turn On) 


Vl and Vj +10 V 
+5 V 
+0.8 V • 


VcandVe I 

Output <+2.5 V-► dv/dt Test SCR Must —' 

ton < 1 MS — H r*-r Time < 25 ms Remain OFF 

(at 50% Amplitude Points) ^-*1 

for dv/dt < 800 V/Ms 

FIGURE 6 - TEST CIRCUIT FOR OFF-STATE CAPACITANCE 



FIGURE 8 - THE CROSSPOINT SCR 
l-V CHARACTERISTIC (Iq * 0) 


Breakdown 

Voltage 

/ 



Bias 


High 


I 


L/C 

Meter • 

Low 

Device 

Under 

Test 

■ 

T 





FIGURE 9 - INHIBIT VOLTAGE AND INHIBIT 
CURRENT (Both SCR's Must Remain OFF) 

V,nh 

10 V 3.3 V l|nh 10 V 

O' 0—0 a 0—0—1 O 


Three-Terminal, Guarded, Differential Capacitance Meter 


MOTOROLA Semiconductor Products Inc. 
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FIGURE 20 - REPRESENTATIVE SCHEMATIC DIAGRAM 















MC3416 


TELEPHONE APPLICATION OF THE CROSSPOINT SWITCH 


The MC3416 crosspoint switch is designed to provide 
a low-loss analog switching element for telephony signals. 
It can be addressed and controlled from standard binary 
decoders and is CMOS compatible. With proper system 
organization the MC3416 can significantly reduce the size 
and cost of existing crosspoint matrices. 

SIGNAL PATH CONSIDERATIONS 

The MC3416 is a balanced 4x4 2-wire crosspoint array. 
It is ideal for balanced transmission systems, but may be 
applied effectively in a number of single ended applications. 
Multiple chips may be interconnected to form larger cross- 
point arrays. The major design constraint in using SCR 
crosspoints is that a forward dc current must be main¬ 


tained through the SCR to retain an ac signal path. This 
requires that each subscriber-input to the array be capable 
of sourcing dc current as well as its ac signal. With each 
subscriber acting as a dc source, each trunk output then 
acts as a current sink. The instrument-to-trunk connection 
in Figure 21 shows this configuration. However, with each 
subscriber acting as a dc source, some method of inter¬ 
connecting them without a trunk must be provided. Such 
a local or intercom termination is shown in Figure 22. 
Here both subscribers source dc current and exchange ac 
signals. The central current sink accepts current from both 
subscribers while the high output impedance of the current 
sink does not disturb the system. 

These configurations are system compatible. The dc 


FIGURE 21 - INSTRUMENT-TO-TRUNK CONNECTION 



FIGURE 22 - TYPICAL INSTRUMENT TO INSTRUMENT CONNECTION 



Instrument 


MOTOROLA SemicontJuctor Products Inc. 


























MC3416 


current restriction is not a restriction in the design of 
an efficient crosspoint array. Because of the current sink 
terminations, a signal path may use differing numbers of 
crosspoints in any connection or in two sides of the same 
connection further relaxing restrictions in array design. 

Figure 23 demonstrates circuit operation. SI, S2, and 
S3 are open. The Crosspoint SCR's are off as they have no 
gatedriveor dc current path through SI. By closing S2 and 
S3, gate drive is provided, but the SCR's still remain off as 
there is no dc current path to hold them on. Close SI and 
the circuit is enabled, but with S2 and S3 off there is still 
no signal path. Closing S2 and S3 with SI closed — current 
is injected into both gates and they switch on. DC current 
through Rl splits around the center-tapped winding and 
flows through each SCR, back through the lower winding 
and through SI to ground. If S2 and S3 are opened, that 
current path still remains and the SCRs remain on. If an ac 
signal is injected at either G1 or G2, it will be transmitted 
to the other signal port with negligible loss in the SCR's. To 
disconnect the ac signal path the SCR's must be com¬ 
mutated off. By opening SI the dc current path is inter¬ 


rupted and the SCR's switch off. The ac signal path is dis¬ 
connected. With SI closed the circuit is enabled and may 
be addressed again from S2 and S3. This circuit demon¬ 
strates a balanced transmission configuration. The trans¬ 
mission characteristics of the SCR's simulate a relay con¬ 
tact in that the ac signal does not incur a contact voltage 
drop across the crosspoint. The memory characteristics of 
the crosspoint are demonstrated by the selective application 
of SI, S2, and S3. 

The selection of Rl is governed by the power supply 
voltage and the desired dc current. If 10 mA is to flow 
through each SCR then Rl must pass 20 mA. Thus, 
(Vcc~ Vak)/RL“ 20 mA. The selection of Rp is governed 
by the characteristics for crosspoint turn on. Adequate 
enable current must be injected into the column select 
and Rp should drop at least 1.5 Volts. The PNP transistor 
has a typical gain of one. Thus, Rp should pass at least 
2 mA to provide 4 mA column select current. 


FIGURE 23- CROSSPOINT OPERATION 
DEMONSTRATION CIRCUIT 


G2 



SI 

S2 

S3 

LINE CONDITION 

ON 

X 

OFF 

Enabled, Not Connected 

ON 

OFF 

X 

Enabled, Not Connected 

ON 

ON 

ON 

Addressed and Connected 

ON 

X 

X 

G1 Connected to G2 

OFF 

X 

X 

Disconnected. 

X = irrelevant 


ADDRESSING CONSIDERATIONS 

The MC3416 crosspoint switch is addressed by selecting 
and turning on the PNP transistor that controls the SCR 
pair desired. The drive requirements of the MC3416 can be 
met with standard McMOS outputs. A particular crosspoint 
is addressed by putting a logical "1" on the emitter and a 
logical "0" on the base of the appropriate transistor. A 
resistor in the base circuit of the transistor is required to 
limit the current and must also drop 1.5 Volts to assure 
forward bias of the two diodes in the collector circuits. 


The gate current required for SCR turn on is 1 mA typically. 
The McMOS one-6f-n decoders listed in Table I provide 
both active high and active low outputs and are well suited 
for standard addressing organizations. The major design 
constraint in organizing the addressing structure is that 
any signal path which is to be addressed must create a dc 
path from a source to a sink. If that path requires two 
crosspoints they must be addressed simultaneously. Of 
course, once the path is selected, the addressing hardware 
is free to initiate other signal paths. To meet the dc path 
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APPLICATIONS INFORMATION (continued) 

DISCONNECT TECHNIQUES 

Since the crosspoint switch maintains signal paths by 
keeping dc currents through active SCR's, disconnects are 
easily accomplished by interrupting the dc current path. 
This can be done anywhere in the circuit, but if the dis¬ 
connect is done at the terminator then all signal paths 
established to that terminator are broken simultaneously. 
In both Figures 21 and 22 this is done by turning off the 
current sink circuit with a McMOS buffer gate. MC14049 
or MC14050 buffers will drive the transistor switch. Once 
adisconnect is completed, the terminator may be re-enabled 
and used for another call. Usage of the terminators may be 
easily monitored with optoelectronic couplers in the 
collectors of the current sinks without disturbing trans¬ 
mission characteristics. 


See Application Note AN-760 for additional applications suggestions. 


THERMAL INFORMATION 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
T/\ = Maximum Desired Operating Ambient 
Temperature 

R 0 jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


Circuit diagrams Utilizing Motorola products are included, as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sqfficient for construction purposes is not convey tOv.the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


MOTOROLA Somicondvctor Rroducts Inc. 



The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature can 
be found from the equation; 

„ _ Tj(max) "Ta 

" R 0 JA(Typ) 

Where; Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


requirement, crosspoint arrays should be designed in blocks 
such that any given dc path requires only one crosspoint 
per block. A signal path, however, may still use two cross- 
points in the same block by sequentially addressing two 
dc paths to the same terminator. For example, the left or 
right pairs of crosspoints in Figure 22 must be addressed 
simultaneously but the left pair may be addressed in 
sequence after addressing the right pair. This is not a 
difficult constraint to meet and it does not require unneces¬ 
sary addressing hardware. 


TABLE I 



Active High Outputs 

Active Low Outputs 

Dual Binary to 1 of 4 
4-bit latch/4 to 16 

BCD to Decimal Decode 

MC14555 

MC14514 

MCI 4028 

MCI 4556 
MC14515 
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Aciva^nce Iixformation 


CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 

• Encode and Decode Functions on the Same Chip with a Digital 

Input for Selection 

• Utilization of Compatible I^L — Linear Bipolar Technology 

• CMOS Compatible Digital Output 


• Digital Input Threshold Selectable (- 


reference provided 


on chip) 

• MC3417 Has a 3 Bit Algorithm (General Communications) 

• MC3418 Has a 4 Bit Algorithm (Commercial Telephone) 

External Components Required: 

• Integrating Network - Typically 1 ms Time Constant 

• Syllabic Filter - Typically 5 ms Time Constant 

• "Minimum Step Size Adjust" Resistor 

• Gain Control Resistor 

• Analog Input Capacitor and Resistor for Level Shifting if Input 

Signal Is Not Centered at Vcc 


CVSD BLOCK DIAGRAM INCLUDING EXTERNAL COMPONENTS 

ToVcc/2 , 

. Decode Clock 


Digital _—'x 

Input ^ r-\^ 

Digital °-- 

Threshold Vjh 


Dual input 
-^Co mparator 

J— |3-or 4-Bit ! ] 

Shift Register i 
— q^IqSIqGI qq! 


< Syllabic 
Rpj Filter 


IR J Min Step 
i n Size 


Amplifier —Current 
--f-Steering ' 


V/l 

iConverterl 


(Integrating 

Cuttent) 


Integrating Network 


This is advance information and specifications are subject to change without notice. 



CONTINUOUSLY VARIABLE 
SLOPE DELTA 

MODULATOR/DEMOpULATOR 

LASER-TRIMMED 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


PSUFFIX 

PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Analog j ~ 
Input I- 

Analog 

Feedback I_^ 

Syllabic I—^ 
Filter L._ 

Gain I 

Control L__ 

Ref I- 

Input (+) I ^ 

Filter i- 

Input (-)l ^ 

Analog i 
Output I——- 

Vee ["i" 


H Encode/ 
Decode 

Z] Clock 

"1 Digital Data 
JiJ Input (-) 

Tr-l Digital 
_L±jThreshold 

I Coincid ence 
' ^ I Output 

■7^Vcc/2 
^ 1 Output 

m Digital 
Output 


ORDERING INFORMATION 


I 


Temperature Range 
(All Types) = 0 to+70®C 

Device 

Package 

MC3417L 

MC3418L 

MC3417P 

MC3418P 

Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Plastic DIP 


I 


Note; MC3517 to be offered later in 1977. 



























MAXIMUM RATINGS (All voltages referenced to Vgg, T/\ = 25°C unless 
' otherwise noted.) 


Rating 


Power Supply Voltage 


Differential Analog Input Voltage 


Digital Threshold Voltage 


Logic Input Voltage 

(Clock, Data, Encode/Decode) 


Coincidence Output Voltage 


Syllabic Filter Input Voltage 


Gain Control Input Voltage 


Reference Input Voltage 


TARGET ELECTRICAL CHARACTERISTICS {Vqq = 12V,VEE = Gnd,T/\ = 25°C unless otherwise noted.) 


Power Supply Voltage Range 


Power Supply Current 
(Idle Channel) 
(Vcc = 5.0 V) 
(Vcc = 15 V) 


Clock Rate 


Integrating Current Range 
(Vcc 6 0 V) 

(Vcc > 6.0 V) 


Analog Input Range 

(4.75 V < Vcc < 15 V) 


Analog Output Range 

(4.75 V < Vcc < 15 V) 


Input Bias Currents 

(Comparator in Active Region: 
Vpin 1 “ Vpjn 10) 

(Analog Input) 

(Analog Feedback) 

(Syllabic Filter Input) 
(Reference Input) 


Input Offset Current 

(Comparator in Active Region; 

Vpin 1 “ Vpjn iq) 

(Analog Input/Analog Feedback) 


Input Offset Voltages 

(Input Voltage Converter) 
(Integrator Amplifier) 


Transductance 

(Input V/l Converter (0 to 3.0 mA)) 
(Integrator Amplifier (0 to iS.OmA)) 


Propagation Delay Times 

(Clock Trigger to Digital Output) 

(Trigger Falling Edge, Vqq to +0.4 V) 
(Clock Trigger to Coincidence Output) 

(Trigger Falling Edge, Vcc 1° +0.4) 

, (Clock Trigger to Ramp Reversal) 

(Trigger Falling Edge, Vcc to 0.4 V: 

I Ramp ■ lOOpA) 


Coincidence Output Voltage — 
Low Logic State 

(lOL(Con) < 3.0 mA) 


Applied Digital Threshold Voltage Range 


-—— MOTOROLA Semiconductor Products Inc. 
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ELECTRICAL CHARACTERISTICS (continued) 


Digital Threshold Input Current 
(1.2V< Vth<Vcc = 2.0V) 

(V||_ applied to pins 13, 14 and 15) 
(V|H applied to pins 13, 14 and 15) 


Maximum Integrator Output Current 


Vcc - 

- Generator Maximum Output Current 


Generator Output Impedance 
(P to +10 mA) 


Logic Input Voltage 
(Low Logic State) 
(High Logic State) 


Total Loop Offset Voltage (Note 1) 
(l| = 33 /xA, Vcc = 5.0 V) 

(l| = 12pA, Vcc= 12 V) 


Digital Output Current 

(Low Logic State (Vql ^ 0-4 V)) 

(High Logic State (Vqh ^ ^CC " l O V)) 


Syllabic Filter Applied Voltage 


I ntegrator Output Current 

(Gain Control Input Current = 12 mA) 
(Low Logic State Output) 

(High Logic State Output) 

(Gain Control Input Current = 3.0 mA) 
(Low Logic State Output) 

(High Logic State Output) 


Integrator Output Current Matching (Note 2) 
('Gain Control ” 


I nput Current — Low Logic State 
(V|L = 0V) 


Input Current — High Logic State 
(V|h = 18V) 

(Digital Data Input) 

(Clock Input) 

(Encode/Decode Input) 


I nput Current — Low Logic State 
(V|L = 0V) 

(Digital Data Input) 

(Clock InpuP 
(Encode/Decode Input) 

(Clock Input, V|L = 0.4 V) 


Note: 

1. Total Loop Offset is defined as the summation of the offsets of the integrator amplifier and the analog comparator plus the effect of 
the integrator amplifier's bias currents fidwing through 10 k input resistors and the effect of the mismatch in the positive and negative 
integrator currents. This mismatch causes an additional dc voltage drop in the 10 k integrator resistor. Idle channel performance 
is guaranteed if this total loop offset is less than one-half of the change in integrator output voltage during one clock cycle (ramp 
step size). Laser trimming techniques are utilized to ensure good idle channel performance. 

2. The output current matching is observed with the circuit of Figure 4 by connecting pins 9 and 13 together, tieing pin 15 to a logic 
low level, setting up T.5 mA into the gain control input and measuring the average voltage at pin 7 with respect to pin 10. 
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MC3417, MC3418 


DEFINITIONS AND FUNCTION OF PINS 


Pin T — Analog Input 

This is the inverting comparator input where the 
voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to be 
level shifted to the internal reference voltage, then a bias 
resistor between pins 1 and 10 is used. The resistor is 
used to establish the reference as the new dc average of 
the ac coupled signal. 

Pin 2 — Analog Feedback 

This is the non-inverting input to the analog signal 
comparator within the 1C. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be pin 7 or a low pass filter output con¬ 
nected to pin 7. In a decode circuit pin 2 is not used and 
may be tied to \IqqI2 on pin 10, ground or left open. 

The analog input comparator has bias currents of 1.5 
/uA max, thus the driving impedances of pin 1 and 2 
should be nearly equal to avoid disturbing the idle 
channel characteristics of the encoder. 

Pin 3 — Syllabic Filter 

This is the point at which the syllabic filter voltage is 
returned to the 1C in orlder to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC product between pins 11 and 3. 
Typical values of 6 ms to 50 ms are used in voice codecs. 

Pin 4 — Gain Control Input 

The syllabic filter voltage appears across Cs of the 
syllabic filter and is the voltage between Vcc 3nd pin 3. 
The active voltage to current (V to I) operational 
amplifier in the MC3417/18 drives pin 4 to the same 
voltage. Thus the current injected in the integrator is the 
syllabic filter voltage divided by the resistance. The 
Rx resistor is then varied to adjust the loop gain of the 
codec and is connected to pin 4. 

Pin 5 — Reference Input 

This pin is the noninverting, input of the integrator 
output. It is used to reference, the dc level of the output 
signal. In an encoder circuit it must reference the same 
voltage as pin 1 and is commonly tied to the reference of 
pin 10. In a decoder application, it may be connected to 
signal ground, the reference, or any dc level within the 
common-mode range of the integrating op amp. It is a 
PNP input with a bias current of —0.15 /iA maximum. 

Pin 6 — Filter Input 

This inverting op amp input is used to connect the 
integrator external components. Single integration 
systems, require a 0.1 /tF and 10 kJ2 resistor between 
pins 6 and 7. Multipole configurations will have different 
circuitry, but the resistance between pins 6 and 7 should 
always be between 5 kr2 and 15 k^2 to maintain good 
idle channel characteristics. 


Pin 7 — Analog Output 

This is the integrator op amp output. It is capable of 

Vcc 

driving a 600-ohm load referenced to —^ to -i-6 dBm 

and can otherwise be treated as an op amp output. Tins 
5, 6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. 

PinS-VEE 

The MC3417/18 are designed to work in either single 
or dual power supply applications. Pin 8 is always 
connected to the most negative supply, which will be 
ground in a single supply system. 

Pin 9 — Digital Output 

The digital output provides the results of the delta 
modulator's conversion. It swings between Vcc ^nd 
Vee and is CMOS or TTL compatible. Pin 9 is 
inverting with respect to pin 1 and non-inverting with 
respect to pin 2. It is clocked on the falling edge of 
pin 14. 

Pin 10 — Vcc/2 Output 

An internal low impedance mid-supply reference is 
provided for use of the l\/IC3417/18 in sfngle supply 
applications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a +6 dBmo signal is expected across a 600 
ohm input bias resistor, then pin 10 must sink 2.2 
V/600n = 3.66 mA. This is only possible if pin 10 
sources 3.66 mA into a resistor normally and will source 
only the difference under peak load. The reference load 
resistor is chosen accordingly. A 0.1 juF bypass capacitor 
from pin 10 to VeE is also recommended. The Vcc/2 
reference is capable of sourcing 10 mA and can be used 
as a reference elsewhere in the system circuitry. 


Pin 11 — Coincidence Output 

The duty cycle of this pin is proportional to the 
voltage across Cg. The coincidence output will be low 
whenever the content of the internal shift register is all 
1's or all O's. In the MC3417 the register is 3 bits long 
while the MC3418 contains a 4 bit register. Pin 11 is an 
open collector of an NPN device and requires a pull-up 
resistor. If the syllabic filter is to have equal charge and 
discharge time constants, the value of Rp should be 
much less than Rs. In systems requiring different charge 
and discharge constants, the charging constant is RsCs 
while the decaying constant is (Rs+RpjCs- Thus longer 
decays are easily achieveable. The NPN device should 
not be required to sink more than 3 mA in any 
configuration. 








DEFINITIONS AND FUNCTIONS OF PINS (CONT) 


Pin 12 — Digital Threshold 

This input sets the switching threshold in pins 13,14, 
and 15. It is intended to aid in interfacing different 
logic families without external parts. Often it is 
connected to the Vcc/2 reference for CMOS interface 
or can be biased two diode drops above VgE for TTL 
interface. 

Pin 13 — Digital Data Input 

In a decode application, the digital data stream is 
inputed through pin 13. In an encoder it may be unused 
or may be used to transmit signaling message under the 
control of pin 15. It is an inverting input with respect to 
pin 9. When pins 9 and 15 are connected, a toggle 
, flip-flop is formed and a forced idle channel pattern can 
be transmitted. If pin 9 is connected to pin 11, a non 
50% repetitive pattern can be transmitted and integrated 
at the receive end without diverging the integrator 
output to saturation. An MC3417 will produce a 001 
pattern and the MC3418 will produce a 0001 pattern. 


Pin 15 — Encode/Decode 

This pin controls the connection of the analog input 
comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the 
falling edge at pin 14. If low, the digital input state will 
be entered. This allows use of the 1C as an 
encoder-decoder or simplex codec without external 
parts. Furthermore, it allows non-voice patterns to be 
forced onto the’ transmission line through pin 13 in an 
encoder. 

Pin 16 — Vcc 

■ The power supply range of the MC3417/18 is from 5 
to 15 volts between pin Vcc s^d Vee. Guaranteed loop 
offset of the MC3417 is tested at 5 volts while the 
specification on the MC3418 is tested at 12 volts. 



Pin 14 — Clock Input 

The clock input determines the data rate of the codec 
circuit. A 32k bit rate requires a 32 kHz clock. The 
switching threshold of the clock input is set by pin 12. 
The shift register circuit toggles on the falling edge of 
the clock input. 
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IVIC3417, MC3418 


FIGURE 2 - CVDS WAVEFORMS 



FIGURE 3 - BLOCK DIAGRAM OF THE CVSD DECODER 


Clock 
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FIGURE 4-16 kHz SIMPLEX VOICE CODEC 
(Using MC3417, Single Pole Companding and Single Integration) 


Digital Output 


Analog 
Input ^ 



CIRCUIT DESCRIPTION 


The continuously variable slope delta modulator also controls the direction of ramp in the integrator. The 

(CVSD) is a simple alternative to more complex comparator is normally clocked so as to produce a 

conventional conversion techniques in systems requiring synchronous and band limited digital bit stream, 

digital communication of analog signals. The human If the clocked serial bit stream is transmitted, 

voice is analog, but digital transmission of any signal received, and delivered to a similar integrator at a remote 

over great distance is attractive. Signal/noise ratios do point, the remote integrator output is a copy of the 

not vary with distance in digital transmission and transmitting control loop integrator output. To the 

multiplexing, switching and repeating hardware is more extent that the integrator at the transmitting locations 

economical and easier to design. However, tracks the input signal, the remove receiver reproduces 

instrumentation A to D converters do not meet the the input signal. Low pass filtering at the receiver output 

communications requirements. The CVSD A to D is well will eliminate most of the quantizing noise, if the clock 

suited to the requirements of digital communications rate of the bit stream is an octave or more above the 

and is an economically efficient means of digitizing bandwidth of the input signal. Voice bandwidth is 4 kHz 

analog inputs for transmission. and clock rates from 8 k and up are possible. Thus the 

delta modulator digitizes and transmits the analog input 
The Delta Modulator to a remote receiver. The serial, unframed nature of the 

The innermost control loop of a CVSD converter is a data is ideal for communications networks. With no 

simple delta modulator. A block diagram CVSD Encoder input at the transmitter, a continuous one zero 

is shown in Figure 1. A delta modulator consists of a alternation is transmitted. If the two integrators are 

comparator in the forward path and an integrator in the made leaky, then during any loss of contact the receiver 

feedback path-of a simple control loop. The inputs to output decays to zero and receive restart begins without 

the comparator are the input analog signal and the framing when the receiver reacquires. Similarly a delta 

integrator output. The comparator output reflects the modulator is tolerant of sporatic bit errors. Figure 2 

sign of the difference between the input voltage and the shows the delta modulator waveforms while Figure 3 

integrator output. That sign bit is the digital output and shows the corresponding CVSD decoder block diagram. 


Circuit diagrams Utilizing Motorola products are included as a means • is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently,. assumed for inaccuracies. Furthermore, such information does not 
complete rnformation sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 








MC3417, MC3418 


CIRCUIT DESCRIPTION (CONT) 


The Companding Algorithm 

The fundamental advantages of the delta rpodulator 
are its simplicity and the serial format of its output. Its 
limitations are its ability to accurately convert the input 
within a limited digital bit rate. The analog input must 
be band limited and amplitude limited. The frequency 
limitations are governed by the nyquist rate while the 
amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end;, 
that is for any input bandwidth there exists a clock 
frequency larger than that bandwidth which will 
transmit the signal with a specific noise level. However, 
the amplitude limits are bounded on both upper and 
lower ends. For a signal level, one specific gain will 
achieve an optimum noise level. Unfortunately, the basic 
delta modulator has a small dynamic range over which 
the noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator's dynamic range. External to the basic delta 
modulator is an algorithm which monitors the past few 
outputs of the delta modulator in a simple shift register. 
The register is usually 3 or 4 bits long depending on the 
application. The accepted CVSD algorithm simply 
monitors the contents of shift register and indicates if it 
contains all 1's or O's. This condition is called 
coincidence. When it occurs, it indicates that the gain of 
the integrator is too small. The coincidence output 
charges a single pole low pass filter. The voltage output 
of this syllabic filter controls the integrator gain through 
a pulse amplitude modulator whose other input is the 
sign bit or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control 
algorithms using the shift register have been tried. The 
key to the accepted algorithm is that is provides a 
measure of the average power or level of the input signal. 
Other techniques provide more instantaneous 
information about the shape of the input curve. The 
purpose of the algorithm is to control the gain of the 
integrator and to increase the dynamic range. Thus a 
measure of the average input level is what is needed. 

The algorithm is repeated in the receiver and thus the 
level data is recovered in the receiver. Because the 
algorithm only operates on the past serial data, it 


changes the nature of the bit stream without changing 
the channel bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator wi(l 
reflect the shape of the input signal but all of the output 
will be at an equal level. Thus the algorithm at the 
output is needed to restore the level variations. The bit 
stream in the channel is as if it were from a standard 
delta modulator with a constant level input. 

The delta modulator encoder with the CVSD 
algorithm provides an efficient method for digitizing a 
voice input in a manner which is especially convenient 
for digital communications requirements. 

CVSD DESIGN CONSIDERATIONS 

A simple CVSD encoder using the MC3417 or 
MC3418 is shown in Figure 4. These ICs are general 
purpose CVSD building blocks which allow the system 
designer to tailor the encoders transmission 
characteristics to the application. Thus, the achievable 
transmission capabilities are constrained by the 
fundamental limitations of delta modulation and the 
design of encoder parameters. The performance is not 
dictated by the internal configuration of the MC3417 
and IVIC3418. There are seven design considerations 
involved in designing these basic CVSD building blocks 
into a specific codec application. 

These are listed below: 

1. Selection of clock rate 

2. Required number of shift register bits 

3. Selection of loop gain 

4. Selection of minimum step size 

5. Design of integration filter transfer function 

6 . Design of syllabic filter transfer function 

7. Design of low pass filter at the receiver 

The circuit in Figure 4 is the most basic CVSD circuit 
possible. For many applications in secure radio or other 
intelligible voice channel requirements it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 
are both single pole networks. The selection of items 1 
through 4 govern the codec performance. 



THERMAL INFORMATION 


The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 


PD{Ta) = 


Tj(max) - Ta 
R0JA (Typ) 


Where: Pd{Tai) = Power-Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 




voltages and supply currents at the vyorst-case oper¬ 
ating condition. 

Tj(max) ~ Maximum Operating Junction 
Temperature as listed in the 
Maximum Ratings Section 
Ta = Maximum' Desired Operating Ambient 
Temperature 

R 0 jA(Typ) = Typical Thermal Resistance 
Junction to Ambient 
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MC3437 


HEX BUS RECEIVER WITH INPUT HYSTERESIS 


These high-speed bus receivers are useful in bus organized data 
transmission systems employing terminated 120 0 lines. The receivers 
feature input hysteresis to obtain improved noise immunity. The' 
receivers low input current requirement allows up to 27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs are 
MTTL compatible. 


HEX BUS 
RECEIVER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• Built in receiver hysteresis 

• Receiver input threshold is not affected by temperature 

• Propagation delay time — 20 ns (Typ) 

• Direct Replacement for DS8837 


FIGURE 1 - TYPICAL APPLICATION 


120 SI Data Bt 


1/6 1/4 

MC3437 MC3438 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



PSUFFIX 

PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


To Computer or Peripherals 


MAXIMUM RATINGS (T/\ == 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

7.0 

Vdc 

Input Voltage 

V| 

5.5 

Vdc 

Power Dissipation 

Derate above 25°C 

Pd 

625 

3.85 

mW 

mW/°C 

Operating Ambient Temperature Range 

Ta 

Oto 70 

oc 

Storage Temperature Range 

^stg 

-65 to +150 

°C 


Input 5 I 3 
Output 5 ( 4 
Input 6 |5 
Output 6 


TRUTH TABLE 



Input 

Disable 

Output 

0 

L 

H 

0 

H 

L 

1 

L 

L 

! 

H 

L 


■ 14'Output 1 
-1^ Input 2 
Output'2 
- Tl] Input 3 
- Tol Output 3 


O = <105V 
I = >2.5 V 
H = High Logic State 
L = Low Logic State 
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MC3437 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 0 <Ta ^ 70°C and 4,75 V Vgc ^B.25 V.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Receiver Input Threshold Voltage — High Logic State 
(V|L(DA) = 0-8 V, Iql = 16 mA, Vql ^0-4 V) 

V|LH(R) 

1.80 

2.25 

2.50 

V 

Receiver Input Threshold Voltage — Low Logic State 

V|HL(R) 

1.05 

1.30 

1.55 

V 

(Vil(DA) = 0.8 V, Iqh = -400mA, VoH >2.4 V) 






Receiver Input Current 

(V|(r) = 4.0V, Vcc= 5.25 V) 

'I(R) 


15 

n 

fiA 

(V((r) = 4.0V,Vcc=0V) 


- 

1.0 



Disable Input Voltage - High Logic State 

V|H(DA) 

2.0 

- 

- 

V 

(V|(R) = 0.5 V, Vol< 0.4 V, loL= 16 mA) 






Disable Input Voltage — Low Logic State 

(V|(R) = 0.5 V, Vqh >2.4 V, Iqh = -400 aA) 

V|L(DA) 

- 

- 

0.8 

V 

Output Voltage — High Logic State 

(V({R) = 0.5 V, V|l(da) = 0.8 V, Iqh = -400/jA) 

VoH 

Hi 

- 

- 

V 

Output Voltage — Low Logic State 

Vql 

- 

0.25 

0.4 

V 

(V|(R).= 4.0 V, V(L(DA) = 0.8 V, loL= 16 






Disable Input Current — High Logic State 

l|H(DA) 





(V|H(DA) = 2.4 V) 


- 

80 

mA 

(Vih(DA) = 5.5 V) 


Bmiii 

- 

2.0 

mA 

Disable Input Current — Loyv Logic State 

•iL(DA) 

- 

- 

-3.2 

mA 

(V|(R) = 4.0 V,V,l{da) = 0.4 V) 





Output Short Circuit Current 

'os 

-18 

_ 

-55 

mA 

(V|(R) = 0.5 V, V|L(DA) “ OV, V(;;c= 5.25 V) 





Power Supply Current 

•cc 

- 

45 

65 

mA 

(V|(r) = 0.5V, V(l(da) = 0V) 






Input Clamp Diode Voltage 

V| 

- 

-1,0 

-1.5 

V 

(I|(r) = -12 mA, l|(DA) = -12 mA, 







SWITCHING CHARACTERISTICS (Ta = 25®C, Vqc = 5.0 V unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time from Receiver Input to 

High Logic State Output 

■Hll 

- 

20 

30 

ns 

Propagation Delay Time from Receiver Input to 

Low Logic State Output 

1PHL(R) 

- 

18 

30 

ns 

Propagation Delay Time from Disable Input to 

High Logic State Output 

IPLH(DA) 

- 

9.0 

15 

ns 

Propagation Delay Time from Disable Input to 

Low Logic State Output 

IPHL(DA) 

■ - 

4.0 

12 

ns 
























































































MC3437 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


+5.0 V 



To Scope 
(Output) 



FIGURE 3 - TYPICAL HYSTERESIS 



0 1.0 2.0 3.0 4.0 

V|(R), INPUT VOLTAGE (VOLTS) 


REPRESENTATIVE CIRCUIT SCHEMATIC 

(1/6 Shown) 
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MC3438 


QUAD BUS TRANSCEIVER 

Consists of four pair of drivers and receivers with the output of 
each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employing terminated 120 lines. The receivers feature 
hysteresis to improve noise immunity. A disable function consisting 
of a two-input NOR gate is provided to control all four drivers. 

• Receiver input threshold is not affected by temperature 

• Receiver input hysteresis — 1.0 V (Typ) 

• Open collector driver outputs allow wire-OR 

• MTTL compatible receiver outputs and disable and driver inputs 

• Driver propagation delay — 20 ns 

• Receiver propagation delay — 20 ns 

• Direct replacement for DS8838 


QUAD BUS 
TRANSCEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION 


PIN CONNECTIONS 


120 n Data Bus 


1/6 1/4 

IVIC3437 IVIC3438 



To Computer or Peripherals 


' Input 3 
Output 3 






MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 



Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

7.0 

Vdc 

input and Output Voltage 

Vq.Vi 

5.6 

Vdc 

Power Dissipation 

Pd 

625 

mW 

Derate above 25°C 


3.85 

mW/®C 

Operating Ambient Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

^stg 

-66 to +150 

°C 



Input 2 
Output 2 


TRUTH TABLES 
DRIVER SECTION 


Disable 1 

Disable 2 

Input 

Bus 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

' L 

L 

H 

H 

L 

H 

H 

H ■ 

H 

L 

H 

H 

H 

H 

H 


RECEIVER SECTION 



Bus 

Output 

V|h(r)>2.5V 

L 

V|l(R)<1.06V 

H 


Where: 

L Low Logic State 
H - High Logic State 












































MC3438 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 0 ^ 70°C and 4.75 ^ ^5.25 V.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Disable Input Voltage — High Logic State 

V|H(DA) 

2.0 

- 

■ - 

V 

('/|H(D) = 20 V, V|H(BUS) = ^-0 lBUS<100iiA) 






Disable Input Voltage - Low Logic State 

V|L(DA) 

- 

- 

0.8 

V 

(V|H(D) = 2.0 V, V|L(BUS) ^0.7 V, IguS 50 mA) 






Driver Input Voltage — High Logic State 

V|H(D) 

2.0 

- 

- 

V 

(V|L(DA) = 0.8 V, IbuS= 50 mA, V|l(BUS)^0.7 V) 






Driver Input Voltage ^ Low Logic State 

V|L(D) 

- 

- 

0.8 

V 

(V|L(DA) = 0.8 V, V|h(buS) = 4.0 V, Igus < 100 pA) 






Receiver Input Threshold Voltage — High Logic State 

VlLH(R) 

1.80 

2.25 

2.50 

V 

(V|L(D) = 0.8 V, lOL(R) = 16 mA, VqlIR) <0.4 V) 






Receiver Input Threshold Voltage — Low Logic State 

'/|HL(R) 

1.05 

1.30 

1.55 

V 

<^IL(D) = 0.8 V, IqhIR) = -400 jiA, Voh(R) >2.4 V) 






Disable Input Current — High Logic State 

•iH(DA) 





fV|H(D) = 2.4 V, V|h{da) = 2.4 V) 


- 

- 

40 

mA 

(V|H(D) = 5.5 V, V|h(da) = 5.5 V) 


- 

- 

1.0 

- mA 

Driver Input Current — High Logic State 

l|H(D) 





(VtH(DA) = 2.4V,V,H(D)=2.4Vl 


- 

- 

40 

mA 

<V|H(DA) = 5.5 V, V|H(D) = 5.5 V) 


- 

- 

1.0 

mA 

Disable Input Current — Low Logic State 

1|L(DA) 

- 

- 

-1.6 

mA 

(V|L(DA)-0.4 V, Vm(D) = 0.4 V) 






Driver Input Current - Low Logic State 

'IL(D) 

- 


-1.6 

mA 

(V|l(D) = 0.4 V, V||_(OA) = 0.4 V) 






Bus Current 





mA 

<V|l(DA) = 0.8 V, V|l(d) = 0.8, V|h(bUS) = 4.0 V) 

(Vcc= 5.25 V) 


_ 

20 

100 


(Vcc=0V) 


- 

2.0 

100 


Bus Voltage — Low Logic State 

'/l(bus) 

- 

0.4 

0.7 

V 

('/|L(DA) = 0.8 V, V(H(0) = 2.0 V, Igus = 50 mA) 






Receiver Output Voltage — High Logic State 

'/OH(R) 



- 

V 

(VlL(DA) = 0.8 V, V|l(D) = 0.8 V, Vh_(buS) = 0.5 V. 
lOH(R) = -400 mA) 


■ 




Receiver Output Voltage — Low Logic State 

VOL(R) 

- 

0.25 

0.4 

V 

(V|l(DA) = 0.8 V, V|l(o) = 0.8 V, V|H(BUS) = 4.0 V, 
lOL(R) = 16 mA) 






Receiver Output Short Circuit Current 

'OS(R) 

-18 

- 

-55 

mA 

(V|L(DA) = 0.8 V, V||_(D) = 0.8 V, V|l(buS) = 0-5 V, 

Vcc= 5.25 V) 






Power Supply Current 

'cc 

- 

50 

70 

mA 

(V|L(DA) = 0 V, V|h(D) = 2.0 V) 






Input Clamp Diode Voltage 

V| 

- 

-1.0 

-1.5 

V 

(I|(DA) = 'l(D) = IbUS = -12 mA) 






























































































MC3438 


SWITCHING CHARACTERISTICS = 25®C, Vcc “ 5.0 V unless otherwise noted.) 


Characteristic 


Propagation Delay Time from Disable Input to 
High Logic Level Output 


Propagation Delay Time from Disable Input to 
Low Logic Level Output 


Propagation Delay Time from Driver Input to 
High Logic Level Output 


Propagation Delay Time from Driver Input to 
Low Logic Level Output 


Propagation Delay Time from Bus Input to 
High Logic Level Output 


Propagation Delay Time from Bus Input to 
Low Logic Level Output 


Symbol 


fPLH(DA) 


fPHL(DA) 


fPLH(D) 


tPHLID) 


tPLH(R) 


fPHL(R) 


Typ 

Max 

Unit 

19 

27 

ns 

15 

27 

ns 

17 

25 

ns 

9.0 

20 

' ns 

20 

30 

ns 

18 

30 

ns 




Vqh -- 

Output 

Vql ^- 

*PHL(R) 




vitMfsfsrA 


V|{R), RECEIVER INPUT VOLTAGE (VOLTS) 
















































QUAD GENERAL PURPOSE INTERFACE BUS 
(G.P.I.B.) TRANSCEIVERS 


The I\/1C3440, l\/IC3441, MC3443 are quad bus transceivers in¬ 
tended for usage in instruments and programmable calculators 
equipped for interconnection into complete measurement systems. 
These transceivers allow the bidirectional flow of digital data and 
commands between the various instruments. Each of the transceiver 
versions provides four open-collector drivers and four receivers 
featuring input hysteresis. 

The MC3440 version consists of three drivers controlled by a 
common Enable input and a single driver without an Enable input. 
Termination resistors are provided in the device. 

The l\/IC3441 differs in that all four drivers are controlled by the 
Common Enable Input. Again, the termination resistors are provided. 

The MC3443 is identical to the l\/IC3441 except that the termi¬ 
nation resistors have been omitted. As such it is pin compatible, and 
functionally equivalent to the SN75138.. It does offer the advantage 
of receiver input hysteresis. 


• Receiver Input Hysteresis Provides Excellent Noise Rejection. 

• Open-Collector Driver Outputs Permit Wire-OR Connection. 

• Tailored to Meet the Proposed Standards Set by the IEEE and I EC 

Committees on Instrument Interface (488-1975). 

• Termination Resistors Provided (except MC3443 version). 

• Provides Electrical Compatibility with Hewlett Packard Interface 

Bus(HP-IB). 


TYPICAL APPLICATION - G.P.I.B. 
MEASUREMENT SYSTEM 



QUAD INTERFACE 
BUS TRANSCEIVERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



5-148 






















MC3440, MC3441, MC3443 



MAXIMUM RATINGS (T/\ 25®C unless otherwise noted.1 


Rating 


Power Supply Voltage I VcC 


Input Voltage Vj 


Driver Output Current ^0(0) 


Power Dissipation (Package Limitation) 
Derate above 25°C 


Operating Ambient Temperature Range 1 


Storage Temperature Range 



0 to +70 


-65 to +150 


E LECTRICAL CHAR ACTERISTICS (Unless otherwise noted, 4.75 V < ^CC ^ 5.25 V and 0 < T;\ < 70®C, typical values are at 

Ta = 25°C; Vcc = 5.0 V) ‘ 


Character istic 


DRIVER PORTION 


Input Voltage — High Logic State 


Input' Voltage — Low Logic State 


nput Current — High Logic State 
(V|h = 2.4V) 


Input Currer\t — Low Logic State 

(ViL = 0.4 V, Vcc - 5.0 V, Ta = 250C) 


Input Clamp Voltage 
(l|C = -12 mA) 


Output Voltage - High Logic State (1) 
<V|H(S) = 2.4 V or V|L(D) = 0.8 VI 


Output Voltage - Low Logic State 

" 2.0 V, Vn_(E) = 0-8 V, loL(D) = ■^SmA) 
<'^IH(D) = 2.0 V, V|l(E) = 0-8 V, IqlID) = 100 mA) 


Output Leakage Current - MC3443 Only 
<V|H(E) = 2.0 V or V|l(D) = 0.8 V) 


RECEIVER PORTION 


Input Hysteresis 


Input Threshold Voltage - Low to High Output Logic State 

(Vcc = 5-0 V,Ta = 25°C) 


Input Threshold Voltage - High to Low Output Logic State 
(Vcc = 5.0 V, Ta = 25°C) 


Output Voltage - High Logic State 

*V|L(R) - 0.8 V, loH(R) = -400pA) 


Output Voltage - Low Logic State 
(V|H(R) = 2.0 V, IqlIR) = 16 mA) 


Output Short-Circuit Current 

1V|L(R) “ 0.8 V) (Only one output may be shorted at a time) 


BUS TERMINATION PORTION (Does not apply to l\/IC3443 version) 



Bus Divider Voltage 
(V|l(D) = 0VI 

V(BUS) 

r 

.6 

3.3 

3.75 

Bus Short-Circuit Current 

I'/|L(D) ’ 0■'/(BUS) = 0 V) 

lOS(BUS) 

1.25 


2.08 


TOTAL DEVICE POWER CONSUMPTION 


Power Supply Current 

(V|H(D) = 2.4V,V|l(E) = 0V) 



SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C) 




1 MC3440,3441 | 

I MC3443 

■1 

Characteristic 

Symbol 



BniTl 


DRIVER PORTION 


Propagation Delay Time from Driver Input to Low Logic State Bus Output 

'PHL(D) 

- 

O 

K9i 

- 

o 


mm 

Propagation Delay Time from Driver Input to High Logic Stale Bus Output 

»PLH(D) 

- 

IB 

infill 

- 

■a 

Ea 

IQI 

Propagation Delay Time from Enable Input to Low Logic State Bus Output 

‘PHL(E) 

- 

1^ 

mm 

- 

»ai 

mm 

mm 

Propagation Delay Time from Enable Input to High Logic State Bus Output 

■sissn 



1 40 1 

- 

ma 

kei 

mm 


RECEIVER PORTION 


Propagation Delay Time from Bus Input to High Logic State Receiver Output 

1PLH(R) 

- 

■a 

1131 

- 

■a 

iiQ 

mm 

Propagation Delay Time from Bus Input to Low Logic State Receiver Output 

»PHL(R) 

- 

■a 


- 

■a 


mm 


(1)1 3.0 k resistor from the bus terminal to Vcc required on the MC3443 version. 
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MC3440, MC3441, MC3443 


GENERAL PURPOSE INTERFACE BUS APPLICATION 



G.P.I.B. SIGNALS: 


8 Line Data Bus: OI01 — 0108 
5 General Interrupt Transfer Control Bus: 
REN — Remote Enable 
SRQ — Service Request 
EOi — End or identify 
ATN — Attention 
iFC — interface Ciear 


3 Data Byte Transfer Control Bus 
DAV — Data Valid 
NRFD — Not Ready for Data 
NO AC — Not Data Accepted 
16 Total Signal Lines 
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Vo, OUTPUT VOLTAGE (VOLTS) 


MC3440, MC3441, MG3443 


FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 



FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 



3.0 V - j - 

Driver 1 nput 50% t ^ 

^^50% 

tPHL(D)-^ - 

— H I^^PLH(D) 

Output ' r-1.5 V 



O.U V J 


Enable Input y'sO% 

- r 50% 

tPLH(E)—n "— 

-^ [^tPHL(E) 

'^OH ! - 

\ 

Output ^ 1.5 V 

VoL- ' 

'1.5 V-V 


FIGURE 3 - TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 


FIGURE 4 - TYPICAL BUS LOAD LINE 



V|, INPUT VOLTAGE (VOLTS) 


VbUS, bus voltage (VOLTS) 








ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC3446 

0°C to +70°C 

Plastic DIP 


MC3446 


) 



QUAD GENERAL PURPOSE INTERFACE BUS 
(G.P.I.B.) TRANSCEIVER 


The MC3446 is a quad bus transceiver intended for usage in 
instruments and programmable calculators equipped for inter¬ 
connection into complete measurement systems. This transceiver 
allows the bidirectional flow of digital data and commands between 
the various instruments. The transceiver provides four open- 
collector drivers and four receivers featuring hysteresis. 


• Tailored to Meet the IEEE Standard 488-1975 (Digital Interface 

for Programmable Instrumentation) and the Proposed lEC 
Standard on Instrument Interface 

• Provides Electrical Compatibility with Hewlett Packard Inter¬ 

face Bus. (HP-IB) 

• MOS Compatible with High Impedance Inputs 

• Driver Output Guaranteed Off During Power Up/Power Down 

• Low Power — Average Power Supply Current = 12 mA 

• Termination Resistors Provided 


TYPICAL MEASUREMENT SYSTEM APPLICATION 



QUAD INTERFACE 
BUS TRANSCEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



16 Lines Total 




















MC3446 



MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 

_ Ratirrg _ Symbol 

Power Supply Voltage Vqq 

Input Voltage V| 

Driver Output Current lOiD) 

Junction Temperature Tj 

Operating Ambient Temperature Range T/^ 

Storage Temperature Range Ts,q 


Symbol 

Value 

Unit 

Vcc 

7.0 

Vdc 

Vl 

5.5 

Vdc 

'O(D) 

150 

mA 

Tj 

150 

°c 

Ta 

0 to +70 

°C 

Tstg 

-65 to +150 

°C 




electrical characteristics (Unless otherwise noted, 4.75 V ^ Vqq < 5.25 V and 0 < T/^ < 70°C, typical values are at 

Ta = 25°C, Vcc = 5.0 V) 


Characteristic 


DRIVER PORTION 


Input Voltage - High Logic State 


Input Voltage — Low Logic State 


Input Current — High Logic State 
(V|h = 2.4V) 


Input Current - Low Logic State 

(V|L = 0.4 V, Vcc = 5.0 V, Ta = 25°C) 


Input Clamp Voltage 
(l|C = -12 mA) 


Output Voltage — High Logic State (1) 
<V|H(S) = 2.4 V or V|(-((D) = 2.0 V) 


Output Voltage - Low Logic State 

('/(LIS) = 0-2 ViLiD) = 0.8 V, lOL(D) " “*8 mA) 


Input Breakdown Current 
(V|(o) = 5.5 V) 


RECEIVER PORTION 


Input Hysteresis 


Input Threshold Voltage - Low to High Output Logic State 


Input Threshold Voltage — High to Low Output Logic State 


Output Voltage — High Logic State 

<V|H(R) = 2.0 V, loH(R) = -400mA) 


Output Voltage - LOw Logic.State 
I'/lLIR) = 0.8 V, lOL(R) = 8.0 mA) 


Output Short-Circuit Current 

(V|H(R) - 2.0 V) (Only one output may be shorted at a time) 


BUS LOAD CHARACTERISTICS 


Bus Voltage (V|(-|(g) = 2.4 VI 

('bus = -1 2 mA) 


Bus Current (V|h(0)“ 2.4 V, V0US^ 5.0 V) 

JV|H(D) = 2.4 V, VbuS= 0.4 V) 
(VbuS<5.5V) 


TOTAL DEVICE POWER CONSUMPTION 


Power Supply Current 
(All Drivers OFF) 
(All Drivers ON) 



12 

19 

,mA 

32 

39 



I 




SWITCHING characteristics (Vcc = 5 0 v, Ta = 25°C) 


Characteristic 


DRIVER PORTION 


Propagation Delay Time from Driver Input to Low Logic State Bus Output 


Propagation Delay Time from Driver Input to High Logic State Bus Output 


Propagation Delay Time from Enable Input to Low Logic State Bus Output 


Propagation Delay Time from Enable Input to High Logic State Bus Output 


RECEIVER PORTION 


Propagation Delay Time frorn Bus Input to High Logic State Receiver Output 


Propagation Delay Time from Bus Input to Low Logic State Receiver Output 



MOTOROLA Semiconductor Products Inc. 
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FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 
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FIGURE 2- TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 
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FIGURE 3- TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 


FIGURE 4 - TYPICAL BUS LOAD LINE 
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XC3448 


Product Preview 


BIDIRECTIONAL INSTRUMENTATION BUS (HP-IB) 
TRANSCEIVER 

This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1975 often referred to as HP-IB). The required bus 
termination is internally provided. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of each 
channel is enabled by its corresponding Send/Receive input with the 
disabled output of the pair forced to a high impedance state. An 
additional option allows the driver outputs to be operated in an 
open collector or active pull-up configuration. The receivers have 
input hysteresis to improve on noise margin and their input loading 
follows the bus standard specifications. 

• Four Independent Driver/Receiver Pairs 

• Three State Outputs 

• High Impedance Inputs — WH = 40 juA (Typ) 

• Receiver Hysteresis - 650 mV (Typ) 

• Fast Propagation Times - 20 ns (Typ) 

• TTL Compatible Receiver Outputs 

• Single -t-5 Volt Supply 

• Open Collector Driver Output Option 

• Power Up/Power Down Protection (No Invalid Information 

Transmitted to Bus) 

• No Bus Loading When Power Is Removed From Device 

• Required Termination Characteristics Provided 


MAXIMUM RATINGS (T^ = 25°C unless otherwise noted.) 


QUAD THREE-STATE BUS 
TRANSCEIVER WITH 
TERMINATION NETWORKS 


Silicon Monolithic 
Integrated Circuit 


Instrument 

A 

(with HP-IB) 


Instrument 

B 

(with HP-IB) 



Rating 

Symbol 

Power Supply Voltage 

Vcc 

Input Voltage 

V| 

Driver Output Current 

'O(D) 

Junction Temperature 

Tj 

Operating Ambient Temperature Range 

Ta 

Storage Temperature R ange 

^stg 


16 Lines Total 


This is advance information and specifications are subject to change without notice. 
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V(BUS) 

'^IC(BUS) 


•(BUS) 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted,4.75 V < Vcc < 5.25 V and 0< Ta < 70°C, 
typical values are at Ta = 25°C, Vcc = 5.0 V) 


Characteristic 


Bus Voltage 

(Bus Pin Open) (V|(s/r) = 0.8 V 
(IbUS) “ ■•2 mA) 


Bus Current 
(V(BUS) ^ 

(V(BUS) = 5.4 V) 

(Vcc = 0 V, 0 V < V{BUS) < 5.25 V) 


Receiver Input Hysteresis 

(V|(S/R) = 0.4V) 


Receiver Input Threshold 

(V|(s/R) = 0.4 V, Low to High) 
' (V|(s/R) = 0.4 V, High to Low) 


Receiver Output Voltage - High Logic State 

•V|(S/R) = 0-4 V, loH(R) " -400 mA; V|buS) = 2.0 V) 


Receiver Output Voltage — Low Logic State 

(V|(S/R) = 0.4 V, loL(R) = 16 mA, V(bus) = 0;8 V) 


Receiver Output Short Circuit Current 
(yUS/R) = 04 V, V(BUS) = 2.0 V) 


Driver Input Voltage — High Logic State 
(V|(s/R) = 2.0V) 


Driver Input Voltage - Low Logic State 
(V|(S/R) = 2.0V) 


Driver Input Current 

('^KS/R) = 2.0 V, 0.4 V < V|(D) < 4.5 V) 
<V|(S/R) = 2.0 V, 0.4 V < V|(o) = 5.5 V) 


Driver Input Clamp Voltage 

(V|<S/R) = 2.0 V, I|C(D) =-18 mA) 


Driver Output Voltage — High Logic State 

(V|(S/R) ° 2.0 V, V|H(D) ° 2.0 V, V|h(e) = 2.0 V, Iqr ° -5.2 mA) 


Driver Output Voltage — Low Logic State 
(V|(s/R) = 2.0 V, loL(D) = 48 mA) 


Output Short-Circuit Current 

(V|(S/R) = 2.0 V, V,h(d) = 2.0 V, V,h(e) = 2.0 V) 


Power Supply Current 

(Listening Mode — All Receivers On) 
(Talking Mode — All Drivers On) 


SWITCHING CHARACTERISTICS (Vqq = 5.0 V, Ta 25°C unless otherwise noted.) 


_ Characteristic I Symbol 


Propagation Delay of Driver 

(Output Low to High) tPLH(D) 

(Output High to Low) tPHL(D) 


Propagation Delay of Receiver 

(Output Low to High) tPLH(R) 

(Output High to Low) 1PHL(R) 


Propagation Delay Time — R/W to Data 

Logic High to Third State fPHZ(R) 

Third State to Logic High 1 PZH(R) 

Logic Low to Third State 1PLZ(R) 

Third State to Logic Low iPZL(R) 


Propagation Delay Time - R/W to Bus 

Logic High to Third State iPHZ(D) 

Third State to Logic High lPZH(D) 

Logic Low to Third State 1PLZ(D) 

Third State to Logic Low *PZL(D) 



MOTOROLA S&miconduG-tor Products Inc. 
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Vq, output voltage (VOLTS) 


XC3448 


5 


FIGURE 5 - TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 
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FIGURE 6 - TYPICAL BUS LOAD LINE 
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Vbus. BUS VOLTAGE (VOLTS) 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 


PD(Ta) = 


Tj(max) ~Ta 
R0JA(Typ) 


Where: Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

RgjAfTyp) = Typical Thermal Resistance Junction to 
Ambient 


MOTOROLA Semiconductor RrO€tuct9 inc. 
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Specifications and Applications 
Information 


QUAD MTTL COMPATIBLE 
LINE RECEIVERS 

The l\/iC3450 features four MC75107 type active pullup line 
receivers with the addition of a common three-state strobe input. 
When the strobe input is at a logic zero, each receiver output state is 
determined by the differential voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the high impedance 
state. 

The MC3452 is the same as the MC3450 except that the outputs 
are open collector which permits the implied "AND" function. 

The strobe input on both devices is buffered to present a strobe 
loading factor of only one for all four receivers and inverted to 
provide best compatability with standard decoder devices. 

• Receiver Performance Identical to the Popular 

MC75107/MC75108 Series 

• Four Independent Receivers with Common Strobe Input 

• Implied "AND" Capability with Open Collector Outputs 

• Useful as a Quad 1103 type Memory Sense Amplifier 


QUAD LINE RECEIVERS 
WITH COMMON THREE-STATE 
STROBE INPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 





TRUTH TABLE 



+25 mV 


-25 mV < 

V|o<+25mV| H 


V|D< 
-25 mV 


L = Low Logic State 
H = High Logic State 
■ Z ■= Third (High Impedance) State 
I = Indeterminate State 
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MC3450, MC3452 


MAXIMUM RATINGS (T/^ = 0 to +70°C unless otherwise noted.; 


Power Supply Voltages 

Vcc.V ee 

±7.0 

Vdc 

Differential-Mode Input Signal Voltage Range 

V|DR 

±6.0 

Vdc 

Common-Mode Input Voltage Range 

V|CR 

±5.0 

Vdc 

Strobe Input Voltage 

V|(S) 

5.5 

Vdc 

Power Dissipation (Package Limitation) 

Ceramic Dual In-Line Package 

Pd 

1000 

mW 

Derate above T/^ =+25°C 


6.6 

mW/°C 

Plastic Dual In-Line Package 


1000 

mW 

Derate above T/^ = +25°C 


6.6 

mW/°C 


Operating Temperature Range 


Storage Temperature Range 


RECOMMENDED OPERATING CONDITIONS (T/^ = 0 to +70°C unless otherwise noted.! 


Min 


0 to +70 


-65 to +150 


Characteristic 

Symbol 

Power Supply Voltages 

Vcc 

Vee 

Output Load Current 

•OL 

Differential-Mode Input Voltage Range 

V|DR 

Common-Mode Input Voltage Range 

V|CR 

Input Voltage Range (any input to Ground) 

V|R 



Max 

Unit 

+5.25 

Vdc 

-5.25 


16 

mA 

+5.0 

Vdc 

+3.0 . 

Vdc 

+3.0 

Vdc 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, V^e -5.0 Vdc, T/\ = 0 to +70°C unless otherwise noted. 


Characteristic 


High Level Input Current to Receiver Input 


Low Level Input Current to Receiver Input 


High Level Input Current to Strobe Input 
V|H(S) = +2-4 V 
V|h(s) = +5.25 V 


Low Level Input Current to Strobe Input 
V|H(S) =+0.4 V 


High Level Output Voltage 


High Level Output Leakage Current 


Low Level Output Voltage 


Short-Circuit Output Current 


Output Disable Leakage Current 


High Logic Level Supply Current from V^c 


High Logic Level Supply Current from Vg^ 


SWITCHING CHARACTERISTICS (V^c - +5.0 Vdc, Vee - -5-0 Vdc, T/^ = +25°C unless otherwise noted.) 



Characteristic 

Symbol 

Fig. 

High to Low Logic Level Propagation Delay 
Time (Differential Inputs) 

'PHL(D) 

10 

Low to High Logic Level Propagation Delay 
Time (Differential Inputs) 

tPLH(D) 

10 

Open State to High Logic Level Propagation 
Delay Time (Strobe) 

1PZH(S) 

11 

High Logic Level to Open State Propagation 
Delay Time (Strobe) 

*PHZ(S) 

11 

Open State to Low Logic Level Propagation 
Delay Time (Strobe) 

tPZL(S) 

11 

Low Logic Level to Open State Propagation 
Delay Time (Strobe) 

tPLZ(S) 

11 

High Logic to Low Logic Level Propagation 
Delay Time (Strobe) 

tPHL(S) 

12 

Low Logic to High Logic Level Propagation 
Delay Time (Strobe) 

tPLH(S) 

12 






































































































































































MC3450, MC3452 


FIGURE 2 - CIRCUIT SCHEMATIC 

(1 /4 Circuit Shown) 



teW circuits 

FIGURE 3 - IcEX. Vqh- AND Vql 



TEST TABLE 


■ 
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B 


^BHI 
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■ni 
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HBH 


HBHI 
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1^01 
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EEOi 

i^HH 



^BESSH 

HSH 


K^H' 

HI 


lifIWi 



MiBBB 

waffli 

BBTW 

ttiBl 




bed 


eedi 

mf!pm 

■§219 



Channel A shown under test. Other channels are tested similarly. 



FIGURE 4-IccH and IeeH FIGURE 5 - I|H(S) AND Ih.(s) 








MC3450, MC3452 


TEST CIRCUITS (continued) 


FIGURE 6-IqS FIGURE 7-I|h 



Channel A shown under test, other channels are tested simttarly. 
Only one output shorted at a time. 



Channel A{-) shown under test, other channels are tested 
similarly. Devices are tested with VI from +3.0 V to -3.0 V. 


FIGURES - l|L 


FIGURE 9-loff 



Channel A(~) shown under test, other channels are tested 
similarly. Devices are tested with VI from +3.0 V to -3.0 V. 



Output of Channel A shown under test, other outputs are 
tested similarly for V1 = 0.4 V and +2.4 V. 


FIGURE 10 - RECEIVER PROPAGATION DELAY tpi.H(D) AND tpHL(D) 


+5.0 V 



SI at "A" for MC3452 
SI at "B" for MC3450 
Cl = 15 pF total for MC34B2 
Cl = 50 pF total for MC3450 



Ejn waveform characteristics: 

*TLH and tynL^IO ns measured 10% to 90% 
PRR = 1.0 MHz 
Duty Cycle = 500 ns 
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MC3450, MC3452 


TEST CIRCUITS (continued) 


FIGURE 11-STROBE PROPAGATION DELAY TIMES tpL2(S) ^PZL(S) tPHZ(S)and *PZH(S) 



ilM 



Outpu't of Channel B shown under test, 
other channels are tested sinrilariy. 




1N916 
▼ or equiv 


Y 



1^9 

111201 

BSH 


HHQHi 

15WBB 

QQQQI 




iHsai; 


naaai 

m^Qn 

QQI 

ESI 



IQQgllll 




■aal 

IQQlJ^I 

■BnQH 




|gm! 


C(_ includes jig and probe capacitance, 
waveform characteristics; 

tTLH ^TH L ^ 1 0 ns measured 10% to 90%. 
PRR = 1.0 MHz 
Duty Cycle * 50% 



^PHZ(S>< 


y a.O V-y 

1 

I 0 V- ’\ 


EO 


VoH- 


•<PHZ(S) 


.Voh-0-5 V 
•<«1.5 V 


*PZH(S) < 



_ 

— 


-— *PZH(S) 


^1.5 V 


FIGURE 12 - STROBE PROPAGATION DELAY tpLH(S) AND tpHL(S) 



+3.0 V- 


O V- 

'plh(S)-H 
VOH — 


\ 




Vql- 




E|„ waveform characteristics: 

^TLH 'THL^ 10 ns measured 10% to 90% 
PRR = 1.0 MHz 
Duty Cycle « 500 ns 
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MC3450, Md3452 


APPLICATIONS INFORMATION 


FIGURE 13 - IMPLIED "AND" GATING 

^ref 



FIGURE 14 - BIDIRECTIONAL DATA TRANSMISSION 



The three-state capability of the MC3450 permits 
bidirectional data transmission as illustrated. 


The MC3452 can be used for address decoding as illustrated 
above. All outputs of the MC3452 are tied together through a 
common resistor to +5.0 volts. In this configuration the MC3452 
provides the "AND" function. All addresses have to be true 
before the output will go high. This scheme eliminates the need 
for an "AND" gate and enhances speed throughput for address 
decoding. 


FIGURE 15 - SINGLE-ENDED UNI-BUS* LINE RECEIVER 
APPLICATION FOR MINICOMPUTERS 


FIGURE 16 - WIRED "OR" DATA SELECTION USING 
THREE-STATE LOGIC 


1N914 

or eg uiv ^ 



RECEIVERS 


The MC3450/3452 can be used for single-ended as well as 
differential line receiving. For single-ended line receiver appli¬ 
cations. such as are encountered in minicomputers, the con¬ 
figuration shown in Figure 15 can be used. The voltage source, 
which generates Vref> should be designed so that the V^ef 
voltage is halfway between VoL(nr»ax). The 

maximum input overdrive required to guarantee a given logic 
state is extremely small. 25 mV maximum. This low-input over¬ 
drive enhances differential noise immunity. Also the high-input 
impedance of the line receiver permits many receivers to be 
placed on a single line with minimum load effects. 


STROBE 
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MC3450, MC3452 


APPLICATIONS INFORMATION (continued) 

FIGURE 17 - PARTY-LINE DATA TRANSMISSION SYSTEM 
WITH MULTIPLEX DECODING 
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MC3453 


MTTL COMPATIBLE QUAD LINE DRIVER 


The MC3453 features four MC75110 type line drivers with a 
common inhibit input. When the inhibit input is high, a constant 
output current is switched between each pair of output terminals in 
response to the logic level at that channel's input. When the inhibit 
is low, all channel outputs are nonconductive (transistors biased to 
cut-off). This minimizes loading in party-line systems where a large 
number of drivers share the same line. 

• Four Independent Drivers with Common Inhibit Input 

• -3.0 Volts Output Common-Mode Voltage Over Entire Operating 

Range 

• Improved Driver Design Exceeds Performance of PopularMC75110 


FIGURE 1 - PARTY-LINE DATA TRANSMISSION SYSTEM WITH 
MULTIPLEX DECODING 



QUAD LINE DRIVER WITH 
CQMMQN INHIBIT INPUT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



CONNECTION DIAGRAM 


Y 

OUTPUT A 

Z H 

Z [4 
OUTPUT C 

Y r? 


iJ ^ 

OUTPUT B 

m Z 

^ Z 

OUTPUT D 

Til Y 


TRUTH TABLE 

' (positive logic) 


OUTPUT 

LOGIC INHIBIT I CURRENT 
INPUT INPUT 




L = Low Logic Level 
H = High Logic Level 
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IVIC3453 


MAXIMUM RATINGS (T/^ = 0 to +70°C unless otherwise noted.) 


Ratings 

Symbol 

Value 

Unit ’ 

Power Supply Voltage 


+7.0 

Volts 



-7.0 


Logic and Inhibitor Input Voltages 


5.5 

Volts 

Common-Mode Output Voltage Range 

vqcr 

-5.0 to +12 

Volts 

Power Dissipation (Package Limitation) 

Pd 

^ ■ 


Plastic and Ceramic Dual In-Line Packages 


1000 

mW 

Derate above T/\ =+25°C 


6.6 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +70 

°c 

Storage Temperature Range 

Plastic and Ceramic Dual In-Line Packages 

^stg 

-65 to +150 

°C 


RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2.) 


Characteristic 

Symbol 

Min 

Nom 

Max 

Unit 

Power Supply Voltages 

Vcc 

■ssai 

+5.0 


Volts 


Vee 


-5.0 



Common-Mode Output Voltage Range 

Vqcr 




Volts 

Positive 



- 

+10 


Negative 


0 

- 

-3.0 



Notel. These voltage values are in respect to the ground terminal. 

Note 2. When not using all four channels, unused outputs must be grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* 


Characteristic 

Symbol 

1 Min 

Max 

Unit 

High-Level Input Voltage (at any input) 

V|H 


5.5 

Volts 

Low-Level Input Voltage (at any input) 

V|L 


0.8 

Volts 


*The algebraic convention, where the most positive limit is designated maximum, is used with Logic Level Input Voltage Levels only. 


ELECTRICAL CHARACTERISTICS (T/\ = 0 to +70°C unless otherwise noted.) 


Characteristic## 

Symbol 

Min 

Typ# 

Max 

Unit 

High-Level Input Current (Logic Inputs) 

'ihl 





(Vcc = Max, Vee = Max, V|Hl= 2.4 V) 


- 

- 

40 

liA 

(Vcc Max, Vee - Max, V| = Vqq Max) 


- 

- 

1.0 

mA 

Low-Level Input Current (Logic Inputs) 

'ill 

- 


-1.6 

mA 

(Vcc” Max, Vee - Max, V|L(_ = 0.4 V) 





High-Level Input Current (Inhibit Input) 

''Hi 





(Vcc “ Max, Vee = Max, ViHj = 2.4 V) 

- 


40 

nA 

(Vcc = Max, Vee = Max, V|H| = Vcc Max) 


- 


1.0 

mA 

Low-Level Input Current (Inhibit Input) 

''L| 

'■ - 

- 

-1.6 

mA 

(Vcc Max, Vee “ Max, V| l, = 0.4 V) 





Output Current ("on" state) 

(Vcc “ Max, Vee- Max) 

(Vcc - Min, Vee “ Min) 

'O(on) 

6.5 

11 

11 

15 

mA 

Output Current ("off" state) 

•O(off) 

- 

5.0 

100 

mA 

(Vcc-Min, Vee - Min) 





Supply Current from Vcc (with driver enabled) 

'CC(on) 

- 

35 

50 

mA 

(V|Ll = 0.4 V, V| H, = 2.0 V) 






Supply Current from Vee (with Stiver enabled) 

'6E(on) 

- 

65 

90 

mA 

(V|m = 0.4 V, V|H, =2.0V) 





Supply Current from Vcc (with driver inhibited) 

(V|Ll = 0.4 V,V|L, = 0.4 V) 

'CC(off) 


35 

50 

mA 

Supply Current from Vee (with driver inhibited) - 

(V|n_ = 0.4 V, V|L| = 0.4 V) 

'EE(off) 


25 

40 

mA 


#AII typical values are at Vcc =+5X) V, VgE =-5.0 V, T/\ =+25°C. 

##For conditions shown as Minor Max, use the appropriate value specified under recommended operating 
conditions for the applicable device type. 

Ground unused inputs and outputs. 
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MC3453 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Vee = -5.0 V, Ta = +25°C.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time from Logic Ihput to 

massgm 

- 

9.0 

15 


Output Y or 2 (Rl = 50 ohms, C|_ = 40 pF) 

■sm 

- 

9.0 

15 


Propagation Delay Time from Inhibit Input 


- 

16 

25 

ns 

to Output Y or 2 (R|_ = 50 ohms. Cl = 40 pF) 


- 

20 

25 



FIGURE 2 - LOGIC INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS 


FIGURE 3 - INHIBIT INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS 
































MC3453 


FIGURE 6 - CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


To Other 

^CC Drivers 




5-169 






Specifica.tioi:is a^ndl Applica.tio]:ijS 
Infor*ma.tio]:i 


QUAD NMOS MEMORY ADDRESS DRIVER 

The MC3459 is designed for high speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 

• Fast Propagation Delay Time — 

20 ns Typical with 360 pF Load 

• Output Voltages Compatible with NMOS Memories 

• Inputs Compatible in MTTL and MDTL Logic Families 

• Output Loading Factor — 50 


QUAD NMOS ADDRESS 
LINE DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 





P SUFFIX 

PLASTIC PACKAGE 
CASE 646 


TYPICAL OPERATION 
















f 










J 


; 


1 



r 












JS 



























r 
















Ll 










Vcc = 50V 50 Cl = 360pF 

=■ 25°c Rg - 0 n 
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MC3459 


MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

8.5 

Vdc 

Input Voltage 

V| 

, 5.5 

Vdc 

Power Dissipation (Package Limitation 




Ceramic Package @ = 25°C , 

Pd 

1000 

mW 

Derate above = 25°C 

1/RejA 

6.6 

mW/°C 

Plastic Package @ T/\ = 25°C 

Pd 

830 

mW 

Derate above = 25°C 

1/RejA 

6.6 

mW/°C 

Ceramic Package @ Tc = 25°C 

Pd 

3.0 

Watts 

Derate above Tc = 25°C 

URejc 

20 

mVJ/°C 

Plastic Package @ Tc = 25°C 

Pd 

1.8 

Watts 

Derate above Tc = 25°C 

1/ReJC 

14 

mW/°C 

Operating Ambient Temperature Range 

Ta 

Oto 70 

*C 

Junction Temperature 

Tj 


-'’c— 

Ceramic Package 


175 


Plastic Package 


150 


Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V < Vcc < 5.25 V and 0 < < 70°C) 


Characteristic 

Symbol 

Min 

Typd) 

Max 


Input Voltage — High Logic State 

V|H 

2.0 

- 

- 

V 

Input Voltage — Low Logic State 

V|L 

- 

- 

0.8 

V 

Input Current — High Logic State 






(Vcc= 5.25 V, V|rf= 2.4 V) 

•iHI 

- 


80 

mA 

(Vcc = 5.25 V, V,H= 5.5 V) 

'lH2 

- 


2.0 

mA 

Input Current — Low Logic State 

l|L 

- 

_ 

-3.6 

mA 

(Vcc = 5.25 V, V|L= 0.4 V) 






Input Clamp Voltage 

V|C 

- 

- 

-1.5 

V 

(l|C = -12mA) 






Output Voltage — High Logic State 





V 

(Vcc = 4.75 V, V|L = 0.8 V, Iqh =-640 mA) 

VOHI 

3.2 


- 


(Vcc= 4.75 V, V|L= 0.8 V, Iqh = -2.0mA) 

VOH2 

2.4 


- 


Output Clamp Voltage 

Vqc 

- 

5.8 

6.75 

V 

(Vcc= 5.25 V, V|L= OV, loc= 5.0 mA) 






Output Voltage — Low Logic State 





V 

(Vcc = 4.75 V, V|H = 2.0 V, IQL = 640 mA) 

VOLI 

- 

- 

0.3 


(Vcc = 4.75 V, V|H = 2.0 V, Iql = 80 mA) 

VOL2 

- 

- 

0.7 


Fower Supply Current — Outputs High Logic State 

'CCH 

— 

12 

18 

mA 

(Vcc = 5.25 V,V|L = 0V) 






Power Supply Current — Outputs Low Logic State 

'CCL 

- 

85 

122 

mA 

(Vcc = 5.25 V, V(H= 5.0 V) 







SWITCHING CHARACTERISTICS (Unless otherwise noted, Vqq = 5.0 V, = 25°C, Cl = 360 pF) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time — High to Low Logic State 

IPHL 


21 

32 

ns 

Propagation Delay Time — Low to High Logie State 

'PLH 

- 

16 

26 

ns 


(1) Typical values measured at T/^ = 25°C, Vcc " 
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VOH. OUTPUT VOLTAGE - HIGH LOTIC STATE (VOLTS) 


MC3459 


FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 



TYPICAL PREFORMAISICE CURVES 


FIGURE 2 - POWER CONSUMPTION versus 
OPERATING FREQUENCY 



0 1.0 2.0 3.0 4.0 

f, FREQUENCY (MHr) 


FIGURE 3 - OUTPUT VOLTAGE - HIGH LOGIC STATE 


versus OUTPUT CURRENT 



FIGURE 4 - OUTPUT VOLTAGE - HIGH LOGIC STATE 
versus OUTPUT CURRENT 
(Expanded Scale) 
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5.0 V 
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IQH. OUTPUT CURRENT - HIGH LOGIC STATE (mA) 


FIGURE 5 - OUTPUT VOLTAGE - LOW LOGIC STATE 
versus OUTPUT CURRENT 



0l_I_I_i_I_I_i_I_I 
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lOL. OUTPUT CURRENT - LOW LOGIC STATE (mA) 
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MC3459 


APPLICATIONS SUGGESTIONS 


A majority of the new N-Channel MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switchihg due to the high speed and high current drive 
capability of the MC3459. The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground lead. Current spikes are due to 
both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between Vcc ground. 

In order to minimize the effects of these currents, the 
following layout rules should be followed: 

1. The Vcc supply pin of each package should be by¬ 
passed with a low inductance 0.01 ixF capacitor. The 
0.(31 capacitor will sustain the high surge currents 
required during switching. 

2. There is a large amount of current out of the ground 
node during switching — the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in¬ 
creasing its width. At least a 50 mil ground width is 
recommended. 

Some of the NMOS memories with TTL logic com¬ 
patible inputs do not actually meet the TTL logic levdl 
requirements in the input high state voltage (V|h)- There 
are N-Channel MOS memories with a V|H minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a V||-| 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vqc or by 
increasing the Vqc voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V Vcc 
supply without affecting its input TTL logic compatibility. 
Figure 4 gives the typical Vqh versus Iqh characteristics 
for both Vcc “ 5.0 V and Vcc “ 7.5 V. An expanded 
output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6 - TYPICAL APPLICATION 
16K X N Memory System Employing 



4N MCM6605 BAMS 






Specifications and Applications 
Information 


QUAD NMOS MEMORY CLOCK DRIVERS 
WITH REFRESH SELECT LOGIC 

The MC3460 and MC3466 are quad drivers for use with high-level 
clock lines in NMOS RAM systems. The MC3460 version is specified 
for 4K memory applications with a Vqdi power supply voltages to 
+13 V. The MC3466 version is specified for mating with the 
MCM7001A 1K RAM and is guaranteed with a supply voltage Vqqi 
to 18 V. Both versions may be used with the Vdq 2 pin connected 
to a separate supply > Vqqi to increase the high logic state output 
voltage. 

The channel control logic is organized so that all four drivers 
may be deactivated for STANDBY operation, or single driver may 
be activated for READ/WRITE operation or all four drivers may be 
activated for REFRESH operation. 

• Control Logic Optimized for Use in MOS RAM Systems 

• High Speed Switching 

• Vqqi and Vqq 2 Variable Over Wide Range of Voltage to 

18 and 22 V Respectively (MC3466) 

• Output Voltages Compatible with Many Popular MOS RAMs 

• MTTL and MDTL Compatible Inputs 


GATE CONTROLLED 
FOUR CHANNEL 
MOS CLOCK DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


P SUFFIX 

PLASTIC PACKAGE 
CASE 648 


TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL 
SYSTEM (See Figure 17 for Details) 



t 

>IN CONNECTIONS 

VdDI [T 

ii] vcc 

Output A 




TYPICAL APPLICATION WITH MCM7001 IK RAM 
AND TTL SYSTEMS (See Figures 22, 23 for Details) 


MC3459 MC3459 MC34S9 

Address Address Address 

Driver , Driver - Driver 


MCM7001 
1K NMOS 
RAMS 


MC3461 - 

— MC10125 

Sense 

MECLtoTTL 

■ Amolifier 

■” Translator 


Clock 

enable 

0 0 

MC3466 



Chip Select 



H « High Logic State 
L «.Low Logic State 
i » irreievant 














































MAXIMUM RATINGS (Ty\ = 25°C unless otherwise noted.) 



Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc 

■8 

0 

Vdc 

MC3460 

VpDI 

HD 

4 

Vdc 

MC3466 


Hi 

9 


MC3460 

VdD2 


8 

Vdc 

MC3466 


+2 

3 


Input Voltage 

V| 

+5.5 

Vdc 


Power Dissipation (Package Limitation) 
Ceramic Package @ = 25°C 

Derate above Ta~ 25°C 
Plastic Package @ T/^ = 25°C 
Derate above T/^ = 25°C 
Ceramic Package @ = 25°C 

Derate above Tq = 25°C 
Plastic Package @ Tq = 25°C 
Derate above Tr = 25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 

Ceramic Package 
Plastic Package 


RECOMMENDED OPERATING CONDITIONS 





Symbol 


Vcc 4.75 
VddI 4.75 


Vdd2 Vqq, 

Vdd2" 0 


Operating Ambient Temperature Range 


Note 1: Not to Exceed Maximum Recommended Operating Voltages 




ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 

temperature ranges. Typical values measured atT/\ = 25°C) 


I MC3460 

Symbol 


Output Voltage — High Logic State Vqhi 

(VdD2 = Vddi + 3.0 V, V| L = 0.8 V) 

IOH=-20mA VddI" 

1.0 0,8 

lOH ~ "40 mA 


Output Voltage — High Logic State 
<Vdd2 == Vdqi, V|L = 0.8 V) 

(See Applications Section of Data Sheet) 
'OH = -100mA 
lOH “ “40 mA 


Output Voltage — Low Logic State 
(V|H = 2.0 V, Iql =+10mA) 


Output Voltage — Low Logic State 
(V|H = 2.0 V, Iql = 40 mA) 

11 V < VpD2 < 17 V . 

11 V< Vpp2< 22 V 



MOTOROLA SemiconfJuctor Rroducts Inc. 
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ELECTRICAL CHARACTERISTICS (Unless othenwise noted, these specifications apply over recommended power supply and 

temperature ranges. Typical values measured atT^ = 25°C) 


Characteristic 


Output Clamp Voltage 

(V|L = O V, loc= 5.0 mA) 


I nput Voltage — H igh Logic State 


Input Voltage — Low Logic State 


Input Clamp Voltage 
(l|C = -12 mA) 


Input Current — High Logic State 
(V| = 5.0 V) 

Channel Select Inputs 
Refresh Select and Enable Inputs 


I nput Current — Low Logic State 
(Vil = 0.4V) 

Channel Select Inputs 
Refresh Select and Enable Inputs 


Power Supply Current — Output — High Logic State 
(Vcc = 5.25 V, V|L = OV, Iqh = 0 
(VIC3460 Vqqi = 13 V, Vqd 2 = 17 V, 
MC346frVoDi = 18 V, Vdd2 = 22 V) 


Power Supply Current — Output - Low Logic State 
(Vcc = +5.25, V(H = 5.0 V, Iql = 0 mA, 
(VIC3460 VdoI = 13 V, Vdo2 = 17 V, 

MC3466 Vqoi = 18 V, Vod2 = 22 V) 


Power Supply Current - Output - High Logic State 
(Vcc = +5.25 V, V( L = 0 V, Iqh = 0 mA. 
MC3460 VddI = Vdd2 = 13 V, 

MC3466 Vqo = Vqq2 = 18 V) 



SWITCHING CHARACTERISTICS (T^ = 25°c, Vcc = 5.0 V; MC3460 ; VddI = Vdd2= 12 V, Cl = 480 pF; 

MC3466 : Vdo = Vqq2 “ 17 V, Vqd = 15 V, Cl = 480 pF) 


Characteristic 

Symbol 

Propagation Delay Time — READ/WRITE Mode 

Output High to Low Level 

Output Low to High Level 

IDHLI 

IDLHI 

Transition Time — READ/WRITE Mode 

Output High to Low Level 

Output Low to High Level 

»THL1 

ITLHI 

Propagation Delay Time — REFRESH Mode 

Output High to Low Level 

Output Low to High Level 

1DHL2 

‘DLH2 

Transition Time — REFRESH Mode 

Output High to Low Level 

Output Low to High Level 

1THL2 

fTLH2 


15 

24 

15 

23 

14 

23 

14 

23 

20 

35 

16 

27 

20 

36 

16 

27 



motorola Semiconductor Products Inc. 
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MC3460, MC34a6 


FIGURE 1 - SWITCHING TEST WAVEFORMS - MC3460 



PRR = 1 MHz READ/WRITE Mode 
PRR = 100 kHz REFRESH Mode 
PW = 500 ns 
^TLH “ ^THL ® 0 


FIGURE 2 - SWITCHING TEST WAVEFORMS - MC3466 



Input Pulse Characteristics 

PRR = 1 MHz, READ/WBiTE Mode 
PW = 500 ns 
^TLH = t-THL ^ ^-0 ns 


FIGURE 3 - SWITCHING TEST CIRCUIT FOR 
r READ/WRITE MODE - MC3460 


FIGURE 4 - SWITCHING TEST CIRCUIT FOR 
REFRESH MODE - MC3460 


To Scope To Scope 

(Input) (Output) 



Scope To Scopel 

(Input) (Output) ■ 




MOTOROLA Semiconductor Products Inc. 
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Pd, POWER DISSIPATION (mW) t, SWITCHING TIMES (ns) td, DELAY TIME (ns) 
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VOH, OUTPUT VOLTAGE - HIGH LOGIC STATE (VOLTS) 
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TYPICAL PERFORMANCE CURVES 


FIGURE 15 - OUTPUT VOLTAGE - HIGH LOGIC OUTPUT 
STATE versus OUTPUT CURRENT 


FIGURE 16 - OUTPUT VOLTAGE - HIGH LOGIC STATE 
versus OUTPUT CURRENT 
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APPLICATIONS 


The MC3460 and MC3466 are designed specifically for 
dynamic N-Channel MOS random access memories (RAM's) 
that require a single high-voltage clock. The unique design 
and electrical characteristics of these clock drivers will 
enhance the performance, as well as reduce the cost, of 
dynamic MOS RAM systems. 

Dynamic N-Channel MOS RAM’s that require a high 
voltage clock have extremely low standby power when 
the clock is in the logic "0" state (Gnd). To take advantage 
of this low-power mode, the memory system should be 
partitioned such that only the memory chips of a selected 
word receive a clock signal (see memory system in Fig¬ 
ure 17). However, to reduce the amount of time spent 
refreshing the memory system, all memory chips of the 
system should be clocked for each refresh cycle. 

The logic necessary to accomplish this desirable system 
feature has been incorporated in the clock drivers. Note 
from the block diagram and the truth table (on the front 
page of this data sheet) that the selection of a clock driver 
is dependent on the iogic state of the REFRESR and 
CHaNinCl SELECT inputs. All four drivers are selected 
when the REFRESH SELECT input (Pin 5) is at a logic 
"0" state. However, when the REFRESH SELECT input is 
at a logic " 1 " state, only those drivers that have their 
respective CHANNEL SELECT inputs at a logic "0" state 
will be selected. The timing and clock driver output pulse 
width are controlled by a logic " 0 " signal applied to one 
of the three ENABLE inputs. The other two ENABLE 
inputs allow the memory system to be expanded without 
additional address decoding. 

Figure 17 illustrates one possible clock driver con¬ 
figuration that can be employed to drive a 16K word 
memory system comprised of 4K dynamic MOS RAM's. 
The MC4007 is a one-of-four decoder that decodes the 
memory address sent from the CPU. Since the decoder 
outputs drive the clock driver SELECT inputs, only one of 
the four clock drivers will be selected. The timing and 
clock driver output pulse width can be accomplished with 
a simple one-shot (MC8602). The Q output of the MC8602 
drives an ENABLE input of the MC3460/MC3466 and the 
clock pulse width is determined by the RC component 
values. 

For a memory refresh cycle, the REFRESH SELECT 
input of the MC3460/MC3466 is switched to a logic "0" 
state which will select all of the clock drivers as noted 
earlier. On the falling edge of the REFRESH SELECT 
signal, the one-shot is fired and at the same time all four 
clock drivers are selected for the refresh cycle since the 
REFRESH SELECT signal is jn the zero state (See Fig¬ 
ure 17). At the end of the refresh cycle, the REFRESH 
SELECT signal is switched to the logic "1" state and the 
memory system is set to accommodate another CPU mem¬ 
ory request. The memory system access time will be 
enhanced with this scheme because no additional gating is 
required to accommodate the refresh cycle. 



INFORMATION 


SYSTEM CONSIDERATIONS 

Bypass and Layout — A considerable amount of noise 
can be generated during switching due to the high speed 
and high current drive capability of these drivers. The 
high charge or discharge current spikes during transitions 
can result in a considerable amount of noise being generated 
on the ground and VqdI leads. These current spikes are 
primarily due to capacitive load current. However, there 
is an additional component to the total current spike 
which is due to both the upper and lower output driver 
transistors conducting for a short period of time during 
switching. This causes a low impedance path between the 
VddI supply and ground duringpart of the transition time. 

In order to minimize the effects of these surge currents, 
the following layout rules should be followed: 

1. The VqdI supply pin of each package should be 
bypassed with a low inductance 0.1 pF capacitor. 
The 0.1 pF capacitor will sustain the high surge 
currents required during switching. 

2. The surge current that flows out of the driver 
ground pin during switching will generate noise. 
This noise will be proportional to the ground 
impedance at the ground pin. To insure mini¬ 
mum ground noise, the ground path to this pin 
should be as wide as possible. At least a 50 mil to 
100 mil ground line is recommended. 

Fanout Considerations — In a memory system, the 
number of memory CHIP ENABLE inputs that can be 
driven by a single clock driver will depend on the input 
capacitance and the input leakage current required at a 
specified minimum logic "1" state (VcEH)- Since the 
memory CHIP ENABLE input capacitance will affect the 
clock transition times, the total parallel input capacitance 
should not exceed that value which will cause the clock 
driver transition times to be slower than those specified 
for the memory. For a majority of the 4K RAM's, the 
chip enable input capacitance is less than 40 pF. With a 
30 pF loading, each driver of this device can drive up to 
sixteen 4K memory chips. 

Although the input leakage current of each memory 
CHIP ENABLE is extremely small, the total leakage cur¬ 
rent of the CHIP ENABLE inputs when paralleled in a 
memory systern can exceed the output current ot the 
clock driver in the high output state (Vqh)- With the 
MC3460/MC3466 there are two methods that can be 
employed to increase the output current. The MC3460/ 
MC3466 has split high voltage power supplies (Vqqi and 
VdD 2) noted in Figure 18. With Vqoi = VoD2- 
maximum output current, that guarantees a minimum 
Vqh of V 0 Q 1 -1.0 Volt, is -100 pA. However, the 
output current can be greatly increased if a voltage 
greater than Vqqi is applied to Vqq 2 . ForVQQ 2 = Vqqi 
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+3.0 Volts, Iqh can be increased to -2.0 mA for a Vqh 
minimum of VoDI “10 Volt. For most 4K RAM's, this 
current is sufficient to drive to 200 memory chips. 
However, if a higher voltage is not available for Vdd 2 If’®'’ 
the current can be increased by employing a pull-up 
resistor to VddI- The following formula can be used to 
determine whai[ value of pull-up resistor is needed to meet 
a given fanout requirement.. 


R< 


VPDI - VOH(min) 
IR 


where 


iR = n(I|ce)- Iqh 


( 1 ) 

( 2 ) 


Iqh is the clock driver output current for 
VOH(min) > VcEHImin) 

I ICE is the memory CHIP ENABLE input leakage 
current specification. 

N is the number of CHIP ENABLE inputs to be driven 
by thQ clock driver. 

For the memory system given in Figure 17, assume 
that each word has 16 bits. If the MCM6605 4K RAM 
were employed, then the pull-up resistor value would be 
calculated in the following manner. 

From the MCM6605 Specifications; 

VcEH(f’'*i'^l “ Vqq -1.0 Volt @ l|CE “ lOpA. 

From the MC3460 Specifications; 

ForVDDi = VoD2fheminimumVOH is 
Vqdi “ 10 Volt @an Iqh ^ 100mA 

Since the Vqh (nnin) required by the MCM6605 is 
VdDI “10 Volt, equation (1) reduces to: 

VDD1-(VDP1 -10 Volt ) 

IR 
or 

1.0 Volt 


R< 


R<- 


•r 


(3) 


From equation (2), since N = 16, Ir = 16(10pA) 
-100 pA = 60 pA. Substituting in this value of Ir into 
Equation (3) yields the following value for R: 


R< 


1.0 Volt 
60 pA 


= 16.6 k 


Overshoot - The finite inductance of the memory chip 
ENABLE line can cause the clock driver to overshoot 
during switching. With fast switching clock drivers, the 
overshoot can exceed the maximum logic levels specified 
for the CHIP ENABLE input. To insure that the overshoot 
voltage does not exceed the maximum CHIP ENABLE in¬ 
put ratings the following two techniques can be employed; 

The simplest scheme is to place a damping resistor Rs 


in series with the clock line, (See Figure 17). The critical 
value of Rgcan be calculated from the formula; 




(4) 


where Lg is the clock line inductance and Cl is the 
load capacitance. 

For most memory systems the value of Rg will range 
from 10 ohms to 50 ohms. 

The series damping resistor will also affect the transition 
times of the damped output waveform. Thus, the maximum 
value that may be used for Rg will be determined by the 
maximum switching times specified for the CHIP ENABLE 
input. The following equation can be used to determine 
the maximum value of Rg. 


tf (max) ^ 2.2 RgCL 


(5) 


In some high performance memory systems the switch- 
ing'times required may be too fast to accomodate the 
addition of a damping resistor. For these systems the over¬ 
shoot can be limited by placing clamp diodes at the far 
end of the CHIP ENABLE line as noted in Figure 19. 
Fast recovery diodes are required to insure proper clamping 
on both the leading and trailing edges of the CLOCK pulse. 

Power Considerations - Circuit performance and long¬ 
term circuit reliability are affected by die temperature. 
Normally, both are improved by keeping the integrated 
circuit junction temperatures low. Electrical power dissi¬ 
pated in the integrated circuit is the source of heat. This 
heat source increases the temperature of the die relative 
to some reference point, normally the ambient tem¬ 
perature. The temperature increase depends on the amount 
of power dissipated in the circuit and on the thermal 
resistance between the heat source and the reference point. 
The basic formula for converting power dissipation into 
junction temperature is; 


Tj = Ta+Pd (R0JC+ R0ca) 
Tj= Ta + Pd (R0JA) 


( 6 ) 

(7) 


where 


Tj = junction temperature 

Ta = ambient temperature 

PD = power dissipation 

R0JC “ thermal resistance, junction to case 

R0CA “ thermal resistance, case to ambient 

R0JA = thermal resistance, junction to ambient 

The power dissipation of the device (Pq) is dependent 
on the following system requirements; frequency of 
operation, capacitive loading, output voltage swing, and 
duty cycle. The power dissipation as a function of 
capacitive loading and frequency can be obtained from 
Figure 13. The value found in Figure 13 should not yield 
a junction temperature, Tj, greater than Tj (max) at the 
maximum encountered ambient temperature. Tj (max) is 
specified for the integrated circuit packages in the.maxi¬ 
mum ratings section of this data sheet. 
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FIGURE 18 - SIMPLIFIED OUTPUT CONFIGURATION 


VdD2 Vddi Vddi 



THE MC3466 IN HIGH PERFORMANCE 
'7001 SYSTEMS 

The MC3466 is specified to meet the more stringent 
driving requirements of high speed N-channel memories 
such as the MCM7001A. Figures 20 and 21 show photo¬ 
graphs of oscilloscope waveforms for the MC3466 driving 
up to six IVICM7001A memories. The memories were oper¬ 
ated with a +15 Volt supply and the MC3466 used a +17 
Volt supply tied to Vqqi and Vdd2- Two clamp diodes 
were used at the end of the line to clamp the overshoot as 
noted previously in Figure 19. 

With this driver connection, where the Vqqi supply is 
at a higher voltage than the memory Vqq supply, the 
Vqqi and Vqq supplies should track each other within 
the following range 3.0 V > Vqqi -Vqq > 1.5 V to 
insure the minimum output Vqh l^vel and to limit the 
amount of current the clamp diode has to sink during the 
clock high state period. 

For the MC3466 driving two MCM7001A memories. 
Figure 20 shows the driver supplying about 250 mA peak 
current when the CHIP SELECT voltage switches from a 
"low" to "high", with a transition time of 15 ns (1.5 V to 
13.5 V level) and a high to low transition time of only 
8 ns. When driving four MCM7001A memories, the peak 
current reaches about 400 mA with a CHIP SELECT 
rise time of 22 ns. 

' Figure 21 shows that for a fanout of 6 memories, the 
transition time increases to 28 ns: The l\/IC3461 (dual 
NMOS memory sense amplifier) is used to detect the data 


FIGURE 19 - APPLICATION OF CLAMPING DIODES 
TO LIMIT OVERSHOOT 


Memory Array '^DD 



MC3460 

or 

MC3466 


of the output memory and translate to MECL 10,000 
levels. The use of the MC10125 will translate the MECL 
levels to TTL levels in only 5 ns. The total delay from the 
50% level of the falling clock edge at The MC3466 input to 
the 50% point at the data output of the MC10125 is only 
62 ns when driving two memories and 67 ns for four 
memories. , 

Figure 22 shows the logic diagram for building a 32K x 1 
memory board with TTL interface and MCM7001A mem¬ 
ories using a multiplex approach. Addresses AO to A9 
and the D(|\| signals go to all the memory devices. The 
address bits A10 and A11 are used to select 1 of 4 rows 
(WRITE ENABLE lines) when writing into the memory. 
The addresses, A12, A13, and A14 are decoded using the 
MC3466 to drive the CHIP SELECT lines. Only two 
MC3466's are required. Each driver in the MC3466 drives 
the CHIP SELECT line connected to four memories. 
During a read operation, the data from 4 of the 32 mem¬ 
ories are latched into the MC3461. Addresses A10 and 
A11 are used to select which one of the four memories is 
to be read on the DATA OUT line. This configuration is 
especially useful in interweaving of fast, large memory 
systems so that the data can be read out consecutively in 
one CPU cycle time. 

A 4K X 18 memory board is shown in Figure 23 with 
TTL interface using a more straightforward approach. 
Only six MC3466's are required to drive the CH IP SELECT 
lines. The memory can be expanded to 256K words by 
using two 1-of-8 decoders on the control board and con¬ 
necting the outputs to the proper BOARD ENABLE. 
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FIGURE 21 - RISE TIME AND ACCESS TIME VARIATIONS 
FOR AN MC3466 DRIVER DRIVING 1,2,4, AND 6 
MCM7001A MEMORIES 


FIGURE 20 - CURRENT AND VOLTAGE CHARACTERISTICS 
FOR THE MC3460 DRIVER DRIVING 2 AND 4 
MCM7001A MEMORIES 


CHIP SE LECT current out of the MC3466 driver 
(500 mA/Div.) 


ENABLE 1 INPUT to MC3466 (5 V/Div) 


CHIP SE LECT voltage with a loading of 
1,2,4 and 6, IVICIVI7001A memories driven 
by an MC3466 driver (5 V/Div.) 


DATA OUT oftheMC3461 (1 V/Div) 


DATA OUT of the MC10125 (2 V/Div) 


(10 ns/Div) 


CHIP SELECT voltage with a loading of 
2, and 4. MCM7001A memories driven 
by an IVIC3466 driver. (10 V/Div.) 


DATA OUT of the MC10125 (5 V/Div) 


ENABLE 1 Input to MC3466 (5 V/Div) 
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FIGURE 22 - 32K x 1 MEMORY BOARD 
(TTL INTERFACE) 


1/2 MC4007 


1/6 MC7404, 



1/4 MC3459, 15 places 
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Device 


MC3461L 


Temperature Range 


0°C to 4-75'’C 


Package 


Ceramic DIP 


MC3461 


HIGH-SPEED NMOS/MECL SENSE AMPLIFIER 


The l\/IC3461 is a dual current sense amplifier with MECL 10,000 
compatible control inputs and open emitter complementary outputs. 
The device is designed for use with Motorola MCM7001 or Intel 
2105 NMOS IK RAMs. A common latch input retains information 
in the amplifier at the time of latch closure. Separate channel out¬ 
put enables are provided to force the outputs to predetermined 
states until amplifier information exchange is desired. 

When the latch input goes to a logic “0" the outputs are locked 
in their present state unless the output enable is at, goes to, logic 
"1". In this event, the Output 1 and Output 2 remain at, or go to, 
logic "0" and logic "1" respectively. 


• Complete NMOS Sense Amplifier — No External Components 

Required 

• Minimum Propagation Delay — 

Amplifier Response- 5.0 ns Typ 
Enable Response - 2.5 ns Typ 
Latch Response - 1.0 ns Typ 

• Power Supplies Compatible With MCM7001/MECL10,000 Systems 

• Amplifier Input Termination Voltage Range from Gnd to Vref 

Supply on MCM7001 


APPLICATION WITH MCM7001 MEMORY 



DUAL NMOS MEMORY 
SENSE AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



TRUTH TABLE 
for latch input at logic 1 


Output Output 
Enable 1 



1(1) >-200mA 
1(2) = 0jLIA 


1(1) = 0/L(A 
1(2) >200i(tA 


Negative Currents Defined as Flowing into 
Device Pin. 
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MAXIMUM RATINGS (Unless otherwise noted, = 25°C) 


ELECTRICAL CHARACTERISTICS 

This device has been designed to meet the 
dc specifications shown in the test table, 
after thermal equilibrium has been esta¬ 
blished. The circuit is in a test socket or 
mounted on- a printed circuit board and 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

vcc 

8.5 

V 


Vee 

-6.0 

V 

Termination Voltage 

Vt 

0 to Vcc 

- 

Operating Ambient Temperature Range 

Ta 

Oto 75 

“C 

Package Power Dissipation 




Still Air 

Pd 

WOO 

rrtW 

Derate above 25°C 


6.7 

mW/°C 

Transverse Air flow > 500 linear fpm 


2000 

mW 

Derate above 25°C 


13.3 

mW/°C 


transverse air flow greater than 500 linear 
fpm is maintained. Outputs are termin¬ 
ated through a 50-ohm resistor to -2.0 
volts. Test procedures are shown for only 
one sense amplifier. The other half is 
tested in the same manner. 









@ Test 
Temperature 

0°C 

25°C 

75 OC 

TEST VOLTAGE/CURRENT VALUES 

(Volts) 

Gnd 

U^nse 

ViHmax 

^ILmin 

ViHAmin 

< 

> 

i 

Vcc 

Vee 

>200)iA 

-0.850 

-1.870 

-1.155 

-1.485 

+7.5 

-5.2 

>200mA 

-0.810 

-1.850 

-1.105 

-1.475 

+7.5 

-5.2 

>200mA 

-0.720 

-1.830 

-1.045 

-1.445 

+7.5 

-5.2 

Characteristic 

SyiTtbol 

Pin 

Under 

Test 

MC3461 Test Limits 

TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW; 

o°c 

+25®C 

75*= 

C 

Unit 




IBB 




IBHW 



Ei!!WW 

VfLAmax 

Vcc 

Vee 

Power Supply Drairr Current 

'cc 

■■ 

- 

- 

■- 

40 

50 

- 

- 

mAdc 

6,12 

Hi^H 



- 

9, 10 

8 

1, 16 


l£E 


- 

“ 

- 

-50 

-60 

- 

- 

mAdc 

6,12 

- 

- 

. - 

- 

9, 10 

8 

1, 16 

Input Current 


■■ 

_ 

- 

_ 

- 


500 

~ 

- 

juAdc 

5, 1 1 

4 

- 

- 

- 

9,10 

8 

1, 16 


■■■ 

■■ 

- 

- 

- 

- 


500 

- 

- 

MAdc 

5, 11 

7 


- 

- 

9. 10 

8 

1, 16 



4 

- 

- 

0.1 

- 


- 

- 

~ 

MAdc 

5, 11 

- 

BB 

- 

■■ - 

9. 10 

8 

1, 16 


mm 

7 

- 

- 

0.1 



- 

- 

- 

^Adc 

5, 11 

- 


- 

- 

9, 10 

8 

1, 16 

Logic ”1" Output Voltage 

Vqh 

■■ 

-1.010 

-0.850 

■-0.960 

■ 

■ 


-0.900 

-0.720 

Vdc 

Bi 

■Bi 


mBB 

- 

9. 10 

8 

1, 16 




I 

1 

i 

B 

B 

BB 

1 

1 

1 


BIB 



— . 

1 

1 

1 



■■ 

T 

i ■ 


B 

B 

BB 

t 

i 

1 


BB 

IIB^I 


- 

T 

T 

T 

Logic ”0" Output Voltage 

VOL 

m 

-1.870 

-1.660 

-1.850 

- 


-1.650 

-1.830 

-1.620 

Vdc 





- 

9, 10 

8 

1, 16 




1 

1 

1 

- 


1 

1 

1 

1 



- 


- 

1 

1 

1 



■■ 

T 

t ’ 

♦ 

- 


1 

1 

T 

T 

IB 


- 


- 

T 

r 

y 

Logic "I” Threshold Vx)ltage 

Vqha 

■■ 

-1.030 

- 

-0.980 

■ 

■ 

- 

-0.920 


Vdc 

^Bi 

- 

- 


4 

9, 10 

8 

1. 16 




1 

- 

1 

B 


- 

1 


1 

^^1 

- 

- 


4 

1 

i 

1 



IBI 

T 

- 

1 

B 

fl 

- 

1 


T 


- 

- 


- 

T 

T 

T 

Logic "0" Threshold Voltage 

Vqla 

■B 

- 

-1.640 

- 

■ 

■ 

-1.630 



Vdc 

MM 

■■■■ 


BB 

4 

9, 10 

8 

1, 16 




_ 

1 

- 

B 

B 

1 


BB 

1 





4 

1 

1 

1 




- 

. f 

- 

B 

B 

T 


BB 

i 

^B 




- 


f 

T 

'Switching Times (50-ohm load) 




IHI^B 





mu 




imm 

BBB 


Pulse Out 




Propagation Delay Amplifier 

t— ■ 






10.0 







■a 

2 

9. 10 

8 

1, 16 


t++ 





B 

B 

I 



BB 




B 

2 

1 

1 

i 


t+- 

H 


■ 

■ 

■ 

■ 

I 

■ 

B 

B 

B 

■ 

B 

B 

3 

1 

) 

1 

Enable 


■■ 








MM 




■■ 

3 

9. 10 

8 

1. 16 



SB 




■ 

■ 




■W 




■fl 

3 

1 

1 

1 







B 

B 

bb 



BB 





2 

-i 

i 

1 


- 





B 

B 

BB 

MB 


BB 


BBi 


Bb 

2 
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FIGURE 1 - SWITCHING RESPONSE TEST CIRCUIT AND WAVEFORMS @ 25°C 
(Other Section Tested Similarly) 

Vcc “ +'^•5 Vdc 



•Denotes equal lengths of 50-ohm coaxial cable. Wire length should be < 1/4" from test point to pin or BMC connector. 


Amplifier Response Waveforms 


Enable Response Waveforms 



Enable input held at -1.69 Vdc 
for Amplifier Response Tests. 



Amplifier input held at -t-O.S Vdc 
for Enable Response Tests. 
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FIGURE 2 - 32K X 2 MEMORY BOARD (MECL SYSTEM) 


Addres; A10| 


d 

A 00 3 
B qo 2 
EO QO 1 
i QOO 



a 



1/2 MC 76358 


1/3 MC101 77, 
12 Places 


AO A1 A2 - A3 A4 A5 A6 A7 A8 A9 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC3467L 

b“C to -h70°C 

Ceramic DIP 

MC346tP 

0°C to +70“C 

Plastic DIP 


MC3467 


TRIPLE WIDEBAND PREAMPLIFIER 
WITH ELECTRONIC GAIN CONTROL (EGO 


The MC3467 provides three independent preamplifiers with in¬ 
dividual electronic gain control in a single 18-pin package. Each pre¬ 
amplifier has differential inputs and outputs allowing operation in 
completely balanced systerris. The device is optimized for use in 9- 
track magnetic tape memory systems where low noise and low dis¬ 
tortion are paramount objectives. 

The electronic gain control allows each amplifier's gain to beset 
anywhere from essentially zero to a maximum of approximately 
100 V/V. 

The MC3467 is intended to mate with the IV1C3468 read amplifier 
to provide the entire magnetic tape read function. 

• Wide Bandwidth - 15 MHz (Typ) 

• Individual Electronic Gain Control 

• Differential Input/Output 


TYPICAL APPLICATION 
HIGH PERFORMANCE 9-TRACK OPEN REEL 
TAPE SYSTEM 

NRZ(/0 

Yt(EGC) Select 



TRIPLE MAGNETIC TAPE 
MEMORY PREAMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 

PLASTIC PACKAGE 
CASE 701 


L SUFFIX 

CERAMIC PACKAGE 
CASE 726 
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MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 



V 

Positive Supply Voltage 

Vcc 

6.0 


Negative Supply Voltage 

Vee 

-9.0 


EGC Voltages (Pins 1,6 and 13) 

V|(EGC) 

—5.0 to Vcc 

V 

Input Differential Voltage 

V|D 

±5.0 

V 

Input Common-Mode Voltage 

V|C 

±5.0 

V 

Amplifier Output Short Circuit 

Duration (to Ground) 

‘s 

10 

s 

Operating Ambient Temperature Range 

Ta 

0 to +70 

°c 

Storage Temperature Range 

^stg 

—65 to +150 

°c 

Junction Temperature 

Tj 

+150 

°c 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Vee = -6.0 V,Ta = 0 to +70°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Power Supply Voltage Range 






Positive Supply Voltage 

VCCR 

4.75 


5.25 

V 

Negative Supply Voltage 

Veer 

-5.5 


-7.0 

V 

Operating EGC Voltage 

V|(EGC) 

0 


Vcc 

V 

Differential Voltage Gain (Balanced) 

AvD 

85 

100 

115 

v/v 

<V|(eGC) ° 0-ei ° 25 mVp-p) (See Figure 1) 





Differential Voltage Gain 

Avd 

_ , 

0.5 

2.0 

v/v 

<V((EGC) = Vcc) 





Maximum Input Differential Voltage 

Vidr 

0.2 

- 

_ 

Vpp 

(Balanced) (Ta = 25°C) 




Output Voltage Swing (Balanced) (Figure 1) 

VOR 

6.0 

8.0 

- 

Vpp 

(e| = 200 mVp-p) 





Input Common-Mode Range 

V|CR 

±1.5 

±2.0 

- 

V 

Differential Output Offset Voltage 

VOOD 

_ 

500 

- 

mV 

(Ta = 25°C) 





Common-Mode Output Offset Voltage 

Vooc 

_ 

500 

_ 

mV 

(Ta = 25°C) 





Common Mode Rejection Ratio (Figure 2) 

CMRR 




dB 

V|(EGC) = 0. VcM = l OVpp 






(f= 100 kHz) 


60 

100 

- 


(f= 1.0 MHz) 


40 

100 

- 


Small-Signal Bandwidth (Figure 1) 

BW 

10 

15 


MHz 

(-3.0 dB, ej = 1.0 mVp-p, Ta = 25°C) 






Input Bias Current 

l|B 

'- 

5.0 

15 

mA 

Output Sink Current (Figure 5) 

•os 

1.0 

1-4 

- 

mA 

Differential Noise Voltage Referred to Input (Figure 3) 

en 

- 

3.5 

- 

mVrmS 

<V| (EGC) = 0. Rs = 50 S7, BW = 10 Hz to 1.0 MHz, Ta = 25°C) 





Positive Power Supply Current (Figure 4) 

Ice 

- 

30 

40 

mA 

Negative Power Supply Current (Figure 4) 

lEE 

- 

-30 

-40 

mA 

Input Resistance (Ta = 25°C) 

n 

12 

25 


ka 

Input Capacitance (Ta = 25°C) 

- Cj 

- 

2.0 

- 

PF 

Output Resistance (Unbalanced) 


- 

30 

— 

Ohms 

(Ta = 25°C) 
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Speeifica^tions and Applications 
Information 


LSI MAGNETIC MEMORY READ SUBSYSTEM 


The MC3468 READ Subsystem when used with the MC3467 
triple preamplifier provides the interface between magnetic, tape 
heads and digital logic. This system is well suited for open-reel and 
cartridge magnetic tape systems. The MC3468 performs peak detec¬ 
tion, and threshold detection functions as required for NRZI, Phase- 
Encoded or Group-Encoded recording formats. The device consists 
of: 1) Input Multiplex function, 2) Gain Stage with Electronic Gain 
Control (EGC), 3) Active Differentiation Amplifier, 4) Zero Crossing 
Detector (ZCD), 5) Threshold Detector Amplifier with Multiplexed 
Inputs and 6) Threshold Detector. 


• Complete READ Function in One LSI Device 

• Two Pair of Differential Inputs Allow Logically Controlled Selec¬ 

tion of Input Filter or Tape Head Configuration 

• Low Recovered Error Rate 

• Input/Outputs are Low Power Schottky TTL Compatible 


MAGNETIC TAPE 
MEMORY READ AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MAXIMUM RATINGS (T/^ = 25®C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 1 

Power Supply Voltages 



■■ 

Positive Supply Voltage 

Vcc 

+7.0 


Negative Supply Voltage 

Vee 

-8.0 

■■ 

Pin Voltages 




EGC Voltage (Pin 5) 

V|(EGC) 

—5.0 to +7.0 

V 

Threshold Voltage 

V|(T) 

+1.0 to —3.5 

V 

(Pin 16) 




ZCD Output (Pin 15) 

Vo(ZCD) 

+7.0 

V 

Channel Select A/B 

Vi(rsi 

+7.0 to -2.0 

V 

Input (Pin 1) 




Threshold Output TD 

Vo(TD) 

+7.0 

V 

(Pin 17) 




Differentia) Input Voltage 




Threshold Amplifier 

V|D(T) 

±5.0 

V 

Gain Amplifier 

V|D 

±5.0 

V 


MAXIMUM RATINGS (continued) 


Symbol 


Rating 


Common Mode Input 
Voltage 

Threshold Amplifier 
Gain Amplifier 


Amplifier Output Short 
Circuit Duration (To 
Ground, Pin 11) 


Operating Ambient 
Temperature Range 


Storage Temperature Range 


Junction Temperature 



ELECTRICAL CHARACTERISTICS (V^c = 5.0 V, V^g = —6.0 V, T/^ = 0 to +70°C unless otherwise noted) 


Figure I Symbol 


TOTAL DEVICE 


Power Supply Voltage Range @ T/^ = 25°C 
Positive Supply Voltage 
Negative Supply Voltage 


Positive Supply Current 


Negative Supply Current 


Channel Select Input Voltage — Low Logic State 


Channel Select Input Voltage — High Logic State 


Channel Select Input Current — Low Logic State 
<V|L(CS) = 0.Vcc = 5.25 V) 


Channel Select Input Current — High Logic State 
('/|H(CS) = Vcc = 5.25 V) 


GAIN AMPLIFIER SECTION 


Voltage Gain (Unbalanced) 
(ej = 10 mVp.p) 


Voltage Gain (Unbalanced) 

(V|(eGC) = '^CC< *i “ 800 niVp.p) 


Operating EGC Voltage Range 


Maximum Differential Input Voltage 
(Ta = 25°C) 


Common Mode Rejection Ratio 

(V|(EGC) = 0, VcM = 1.0 Vpp, f = 100 kHz, 
Ta = 25°C) 


Bandwidth 

(-3.0 dB, Ta = 25°C) 


Input Resistance 


Channei Isolation 
(f = 100 kHz) 


Input Bias Current 


Input Common Mode Voltage Range 


Output Resistance (Pin 11) 
(Ta = 25°C) 


Output Sink Current (Pin 11) 


Output Voltage Swing (Pin 11) 


Output Offset Voltage 
(Ta = 2B°C) 



MOTOROLA Semiconductor Rroductc Inc. 
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ELECTRICAL CHARACTERISTICS (Vqq = 5.0 V.Vgg =—6.0 V,T/^ = 0 to+70®C unless otherwise noted) (Continued) - 


Characteristic 

— 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

ACTIVE DIFFERENTIATOR SECTION 

Timing Distortion 

(i = 1.0 mA, A = 1,5 Vpp, f = 100 kHz, = 25°C) 

12 


- 

1.0 

3.0 

% 

Zero Cross betector — High Level Output Current 

(Vqh = 5.5‘v) 

8 

•oh (ZCD) 

- 

- 

150 

UA 

zero Cross Detector — Low Lgvel.Output 
dot ~ 8.0 mA) 

9 

VOL(ZCD) 

- 

- 

0.45 

V 

Differentiator Output Sink Current 
(Pins 12 and 13) 

5 

•0(D)- 

1.0 

1.4 

- 

mA 

Differentiator Output Resistance (Unbalanced) 

(Ta = 25°C) 


'•o(D) 


20 

“ 

Ohms 

THRESHOLD AMPLIFIER SECTION 

Differential Voltage Gain 


Avd 

8.5 

10 

11.5 

V/V 

Maximum Differential Input Voltage Without 

Distortion (T^ = 25°C) 


V|DR(T) 



400 

mVpp 

Maximum Differential Input Voltage Before 

Timing Shift (T^ = 25°C) 


V|DR(T) 

- 

- 

1.4 

Vpp 

Maximum Threshold Voltage (Linear Operation) 


V|R(T) 

- 

- 

-1.0 

V 

Threshold Voltage Required to Disable Threshold 
Comparators (Vfo > 2.5 V.T^ = 25°C) 


V|(T) 

- 

-2.0 

-2.5 

V 

Bandwidth 

(-3.0dB,TA = 25°C) 


BW 

. — 

15 


MHz 

Input Resisiance 


nilNT) 

25 

50 

- 

kn 

Threshold Amplifier Bias Current 


•lB(T) 

- 

5.0 

15 

mA 

Channel Isolation Ratio 
(f = 100 kHz) 



40 

60 


dB 

Threshold Detector Output Voltage - Low Logic State 
(Iol = 8.0 mA, Pin 17) 

10 

VOL(T) 


- 

0.45 

V 

Threshold Detector Output Current — High Logic State 
(Vqh = 5.5 V, Pin 17) 

11 

lOL(T) 

■ 


150 

MA 

Threshold Voltage Input Current 
(Pin 16) 


•thc 

- 

25 

50 

mA 


DESCRIPTION OF FUNCTION 


Input Multiplex — Input multiplexing allows logic- 
controlled (TTL compatible) selection of either of a pair 
of differential gain stages. Two separate tracks or one 
trdck processed through different filter networks for dif¬ 
ferent recording formats can be selected (e.g.. Phase En- 
coded/NRZI, Group-Coded/PE). 

Gain Stage — The gain stage is controlled by Electronic 
Gain Control (EGC) and differential outputs are pro¬ 
vided for the active differentiator and a single output is 
available for the threshold function. The EGC range is 
from es^ntially zero to 1.5 (unbalanced). 

Active Differentiatidn — Active differentiation requires 
minimum external passive componeht count. The pro¬ 
cedure for selecting component values insures linear 
operation and optimum zero-crossing detector per¬ 
formance for excellent noise rejection. 

Zero Crossing Detector (ZCD) — The zero-crossing de¬ 
tector generates an output transition corresponding to 
the peak of the incoming signal to the MC3468. Careful 
attention has been paid to avoid timing distortion be¬ 
tween the outputs of the active differentiator and the 
inputs of the zero crossing comparator. The output is 
open collector Schottky TTL. 


Threshold Amplifier and Detector — The gain stage out¬ 
put is ac coupled of differentiated into the Threshold 
Amplifier multiplexer. This allows logic-Controlled (TTL 
compatible) selection of either of a pair of single-ended 
to differential gain stages. Thus, the possibility of Elect¬ 
ing between a differentiated or straight capacitive 
coupled signal for thresholding. The select line is the 
same as for the Gain Stage multiplexing. The unbalanced 
gain of the threshold amplifier is 5. An inverting input is 
available for balancing the input signal to minimize the 
effects of offset curfent. The differential outputs of the 
threshold amplifier are compared to an external thresh¬ 
old in the threshold comparators. An odtput signal is 
provided whenever the signal exceeds the threshold 
setting in the positive or negative direction. The output 
is open collector Schottky TTL. 

The versatility of the Mfc3468 facilitates the design 
of dual mode (NRZI/PE, Group/PE) tape drives with the 
ability of dynaniically svvitch gain, active differentiator 
components, and thresholds for different recording 
speeds or interchanged tapes. 
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MC3468 BLOCK SCHEMATIC 



(g) 
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FIGURE 1 - VOLTAGE GAIN, 
BANDWIDTH AND OUTPUT 
VOLTAGE SWING 

5.0 V 


FIGURE 2 - CHANNEL ISOLATION 
RATIO 


0.1 MF 

X LloJ 
-=■ 2 


! 

t ® o 


1 J 




T 




FIGURE 3 - COMMON MODE 
REJECTION RATIO (CMRR) 


FIGURE 4 - INPUT BIAS CURRENT 
TEST CIRCUIT 



FIGURE 5 - OUTPUT SINK CURRENT 
AND DIFFERENTIATOR OUTPUT 
SINK CURRENT TEST CIRCUIT 




FIGURE 6 - CHANNEL SELECT 
INPUT CURRENT TEST CIRCUIT 
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FIGURE 7 - POSITIVE AND FIGURE 8 - ZERO CROSS DETECTOR FIGURE 9 - ZERO CROSSING 

NEGATIVE SUPPLY CURRENT OUTPUT CURRENT HIGH LOGIC DETECTOR OUTPUT VOLTAGE 

TEST CIRCUIT STATE TEST CIRCUIT LOW LOGIC STATE TEST CIRCUIT 



Vee 


FIGURE 10 - THRESHOLD DETEC- FIGURE 11 - THRESHOLD DETEC¬ 
TOR OUTPUT VOLTAGE - LOW TOR OUTPUT CURRENT - HIGH 

LOGIC STATE TEST CIRCUIT LOGIC STATE TEST CIRCUIT 



FIGURE 12 - TIMING DISTORTION Ta = 25°C 


5.0 V 
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0, PHASE (DEGREES) l|(EGC)-EGC INPUT CURRENT (mA) lEE, NEGATIVE POWER SUPPLY CURRENT (mA) 


MC3468 


TYPICAL PERFORMANCE CURVES 


FIGURE 13 - NEGATIVE POWER SUPPLY 
CURRENT versus NEGATIVE POWER SUPPLY 
VOLTAGE 



FIGURE 14 - NORMALIZED VOLTAGE GAIN 
versus EGC INPUT VOLTAGE 



FIGURE 15 - ELECTRONIC GAIN CONTROL 
INPUT CURRENT versus VOLTAGE 


FIGURE 16 - CHANNEL ISOLATION RATIO 
versus FREQUENCY 


5.0 

4,0 

3.0 

2.0 

1,0 

0 

0 1.0 2.0 3.0 4.0 5.0 

V|(EGC), ELECTRONIC GAIN CONTROL INPUT VOLTAGE (VOLTS) 









Pin 

1 

5 

: = 5.ov 
: = -6.0V 








VC 

VE 








ta 

= 25»C 
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100 kHz 1.0 MHz 10 MHz lOOMHz 

f, FREQUENCY (Hz) 


FIGURE 17 - PHASE versus FREQUENCY 
Gain Amplifier Inputs to Active Differentiator 
(Pins 6,7 to 12,13) 


FIGURE 18 - GAIN AND PHASE versus 
FREQUENCY FROM Pins 6,7 to Pins 12,13 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

f. FREQUENCY (MHz) 
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SYSTEM PARAMETERS 


The following systerh parameters are characteristic of 
not only the device but external component values and 
circuit layout. Detailed test circuits and measured 


parameters are provided only as a guide to expected sys¬ 
tem performance. These parameters are not readily 
measureable on a production volume basis. 


FIGURE 19 - TEST CIRCUIT FOR MEASURING PROPAGATION DELAYS 

From Gain Stage Input to Zero Crossing Detector Output 

(Pin 6 to Pin 15) (Subtract 8 ns from measurement for probe and cable delays) 

_ _ 

VeeO-1 


Capacitances are solid Tantalums i 

0.5 Vpp 
500 kHz 





Wavetek 

Model 164 
Function 
Generator 

22 2 
*=■ "tr 50< “ 

MC3468 


Note: Symmetry Is adjusted @ 50 kHz and 50 mVpp 


Typical Measured Values: tpLH(2CD) “ 

tPHL(ZCD) = 50 ns 


FIGURE 20 - TEST SETUP FOR MEASURING PHASE JITTER 


Note: Use of a series inductor in the differentiator network 
significantly improved phase jitter performance. 


2-10mF 

Capacitances are solid Tantalums W [-'VW 
12 

500 kHz g J_ 


TEK 475 
Scope 


)13 ''CC 


Wavetek 
Model 164 
Function 
Generator 


*680 Bx 10 Probe 


ZCD Output 

Pin 15 1.5 V • 


Typical Measured Values: 

0.5 Vp-p ® Pins 12, 13 = 0.5% 
25 mVp-p (§> Pins 12, 13 = 6.0% 


Note: The jitter window, t, is defined as the 
3 O points on a Gussion curve. 


MOTOROLA Semicondudor Rroductft Inc. 
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FIGURE 21 - TEST SETUP FOR THRESHOLD AMPLIFIER DELAY AND 
THRESHOLD COMPARATOR EQUIVALENT OFFSET MEASUREMENTS 




(^) MOTOROLA Semiconductor Producte Inc, 
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FIGURE 23 - TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (5 kHz to 1 MHz) 
FROM INPUT TO DIFFERENTIATOR (Pin 6, 7 to Pin 12, 131 


Actual Test Measurements (Calibrate Instrumentation for Phase Compensation) 



DESIGN SUGGESTIONS 


I Gain Stage Bias Current 

One must consider supplying 15 jliA of bias cur¬ 
rent to the Gain Stage when designing a filter net¬ 
work. A good design value for the equivalent 
resistance from each input leg to ground is 5 kJ2. 


II Adjusting Peak Shift to Zero (See Figure 24) 

The worst peak shift observed on the ZCD output 
occurs for the smallest slew rate provided by the 
Active Differentiator at the ZCD inputs. In Turn, 
the Active Differentiator produces the smallest 
slew rate when the gain-bandwidth product ap¬ 
plied at its inputs is the smallest. Current soarce, 
resistors, and diode imbalances will exhibit the 
maximum peak shift under this condition. Using 
the resistor network shown, these imbalances are 
adjusted out for the worst case condition. 


FIGURE 24 - PEAK SHIFT NETWORK 
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MC3468 APPLICATIONS INFORMATION 

MC3468 For NRZI Encoded Magnetic Tape 


NRZI Encoding was one of the first popular record¬ 
ing formats and is formalized as an American National 
Standard for the purpose of facilitating the interchange 
of magnetic tapes. Although the Phase-Encoded format 
is now more widely accepted than NRZI, vast libraries of 
NRZI tapes still exist. Computers will be reading these 
tapes for years to come, and in some cases, re-writing 
them in phase-encoded format. Thus, the ability of the 
tape drive electronics to read both NRZI and PE tapes is 
a feature often sought in new designs. 

For NRZI recording, the magnetic surface of the tape 
is magnetized to saturation in one direction or the other 
each time a logical "1" is to be recorded. The magneti¬ 
zation remains unchanged for a logical “0". The result¬ 
ing signal from the read head for a typical NRZI data 
stream is shown in Figure 25. The NRZI data stream con¬ 
sists of a continuum of Fourier corriponents up to a rnaxi- 
mum frequency of 5fH, where f|-j is numerically equal to 
one-half the maximum flux changes per second (FCPS). 
For long strings of zeroes, the lowest Fourier component 
could theoretically be near dc, but on a typical tape a 
long interval with no "1's" is not allowed. Consequently, 
most of the energy in the pulse train is around ff-j and 
its harmonics (up to the fifth). A suitable corner fre¬ 
quency for ac coupling from the preamplifier is 60 Hz, 
although for high speed systems it could be consider¬ 
ably higher (1/10 fH). The -3 dB frequency of a low 
pass filter is usually placed at a frequency greater than 
fH. In most systems, this low pass filter must do more 
than provide a roll-off for high-frequency transients. It 
also equalizes the read amplifier chain and differentia¬ 
tion network for linear phase versus frequency response. 
Once the transfer function of this equalization filter is 
known, it may be incorporated either as part of the ac 
coupling between the preamplifier and amplifier or as 
part of the differentiation network. 

The American National Standard specifies that NRZI 
be recorded at 800 BPI (Bits Per Inch) on open reel mag¬ 
netic tape. Typical read/write tape speeds range from 
12.5 to 300 IPS (Inches Per Second). Examples 1 and 4 
show |\/IC3468 NRZI designs. 

MC3468 For Phase-Encoded (PE) Magnetic Tape 

Of the numerous methods for encoding digital data 
on magnetic tape, phase encoding is currently most 
popular. As shown in Figure 25, data is represented by 
transitions occurring in the middle of a "data cell". A 
low-to-high flux transition (toward the magnetization 
level representing erased tape) is defined as a logical 
"one" and a high-to-low transition is defined as a logical 
"zero". For consecutive "one's" or "zero's" phase 
transitions are introduced as needed at the "data cell" 
borders. Phase transitions are not required when the en¬ 
coded data consists of "one-zero" patterns. 

The read head signal resulting from mixed data 
streams consists of two fundamental frequencies, fn and 
fL which represent most of the harmonic content (with 
some energy at harmonics dp to the fifth). These are 

numerically equal to x IPS and-^^^^^M^ (where 

—- - (& MOTOROLA Semi 


FCPI is maximum flux changes per inch and IPS is tape 
speed in inches per second). In high-speed, low-level sys¬ 
tems, the amplitude of these read head signals is only a 
few millivolts and conditioning with a preamplifier such 
as the MC3467 followed by a passive bandpass filter is 
required. The bandpass characteristic sets the lower —3 
dB frequency below f [_ and the upper —3 dB frequency 
above fn. In most systems, the bandpass filter must do 
more than filter out noise. The low-pass portion also 
equalizes the read amplifier chain and differentiation 
network for a linear phase versus frequency response. 
Once the transfer function of this equalization filter is 
known, it may be incorporated as part of the filter be¬ 
tween the preamplifier and amplifier or as part of the 
differentiation network. 

The American National Standard specifies that PE 
data be recorded at 1600 BPI (Bits Per Inch) on open 
reel magnetic tape. Typical read/write tape speeds range 
from 6.25 to 200 IPS (Inches Per Second). Cartridges 
use 1600 BPI and have tape speeds of 30 IPS for read/ 
write. Examples 2, 3, and 4 show MC3468 designs for 
PE systems. 

MC3468 For Group Code Recorded (GCR) Magnetic 
Tape 

Basically, Group-Coded Recording (GCR) is a high 
density recording scheme which uses the NRZI conven¬ 
tion for "Ts" and "O's", but adds the restriction that 
flux changes occur at least once in every three bit cells 
(Figure 25). The read head signal resulting from mixed 
data streams consists primarily of Fourier components 
from fL to 3fL = fH and their harmonics up to the fifth. 
The frequencies fL and fn are numerically equal to 

FCPI X IPS . FCPI X IPS , 

-- and-S' respectively (where FCPI is 

Z D 

maximum flux changes per inch and IPS is tape speed in 
inches per second). The amplitude of the read head sig¬ 
nals is only a few millivolts or less and conditioning with 
a preamplifier such as the MC3467 followed by a passive 
bandpass filter is required. The bandpass characteristic 
sets the lower —3 dB frequency below fL and the upper 
—3 dB frequency above fn. The bandpass filter must do 
more tjian filter out noise. The low pass portion equal¬ 
izes the read amplifier chain and differentiation network 
for linear phase versus frequency response. Once the 
transfer function of this equalization filter is known, it 
may be incorporated as part of the filter between the 
preamplifier and amplifier or as part of the differentia¬ 
tion network. 

The proposed American National Standard specifies 
that GCR data be recorded at 9042 FCPI (Flux Changes 
Per Inph). Because of the data format, the usable data 
density is 6250 BPI rather than 9042 BPI. The "6250 
BPI" is a throughput specification and should not be 
used in read amplifier calculations. The original GCR 
concept was intended for high speed drives (200 IPS). 
However, it is also being applied to lower speed (125 
IPS) systems. Examples 5 and 6 illustrate the use of the 
MC3468 in GCR systems. 

t€iuctor Products Inc. 
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FIGURE 25 - MOST POPULAR MAGNETIC TAPE RECORDING FORMATS 



CIRCUIT OPERATION 


(See Figure 26 for component wiring and Figures 27 and 
28 for Timing Diagrams) 

The operation of the MC3468 is similar for NRZI, PE, 
and GCR data formats. The preamplifier and filtered sig¬ 
nal isapplied differentially to either Channel A or B Gain 
Stages. The Gain Stage output differentially feeds an 
Active Differentiator and a single-ended output is avail¬ 
able for'straight capacitive or differentiated (active or 
passive) coupling into either Channel A or B inputs to 
the Threshold Amplifier. 

For the circuit configuration shown, the Active Dif¬ 
ferentiator output leads the input by almost 90°. The 
Active Differentiator output is applied to a Zero-Crossing 
Detector, which goes low for positive levels and high for 
negative levels, changing state at the zero crossings. The 


Threshold Circuit amplifies the Gain Stage output and 
compares positive and negative signals to a threshold 
level. When the level is exceeded, the TD output is low. 
From the waveforms, it is seen that the ZCD output 
makes a transition approximately in the middle of the 
period when TD i s low . Wiring ZCD "ended" with TD to 
the set input and ZCD "ended" with TD to the "reset" 
input of the R-S type flip-flop reconstructs the data 
stream encoded on the tape. This circuit works for zero 
clip (zero threshold) operation, but has the disadvantage 
that timing distortion results from capacitive loading. 
Digital circuits for reconstructing the data stream which 
utilize pipe-line delays to overcome capacitive loading 
timing distortion are shown in Figure 29. 


FIGURE 26 - TYPICAL MC3468 COMPONENT HOOKUP 














FIGURE 29 - OTHER DIGITAL CIRCUITS FOR RECONSTRUCTING DATA STREAMS FROM THE MC3468 


1) Dual Output Circuit (Pipeiine Deiay for Negative Edge Must Be the Same for Both Outputs)' 


ZCD —^—i 



TO —•—h—qc Q 


Negative Peak 

~innj 


2) Single Output Circuit (Operation Independent of Capacitive Loading Effects on Delays) 


ZCD- 4 



TD —#—-^C Q 


uiTinr 

Composite of 
Positive and Negative 
Peak Pulses 


Group Delay Distortion 

The ultimate purpose of the magnetic read amplifier 
chain in Figure 30 is to produce a digital signal with 
transitions corresponding to the peaks of a read head sig¬ 
nal. Because the active and passive elements in the chain 
exhibit phase characteristics, there will be a "pipe-line" 
delay between peaks at th^ read head and the digital out¬ 
put from the zero-crossing detector. Variations in this 
delay with frequency or amplitudes cause timing distor¬ 
tion which translates directly into increasing error rates. 
The primary consideration in the read chain implementa¬ 
tion is to equalize the read chain for almost flat delay 
over the frequencies and amplitudes of required opera¬ 
tion. Figure 30 depicts one of several possible read chain 
configurations which can be equalized for best-flat time 
delay performance. 


The determination of the component values is rela¬ 
tively straight forward provided the active elements have 
negligible phase characteristics in the frequency range of 
operation. Below 1 MHz, the MC3467/MC3468 read 
chain active elements have negligible phase characteris¬ 
tics. Although phase effects start showing above 1 MHz, 
phase versus frequency is linear (constant time delay) as 
shown in Figure 17 for the MC3468 Gain Stage. 

Other read chain configurations have a band-pass fil¬ 
ter between the preamplifier and Gain Stage. It is pos¬ 
sible to move some of the poles of the filter into the 
active differentiator. The technique suggested in Figure 
30 transfers poles into the active differentiator to min¬ 
imize component count. The insertion loss of the tech¬ 
nique is also less than an equalization filter ahead of the 
READ amplifier. 


MC3468/69 Peak Detector Section 


FIGURE 30 - GROUP DELAY DISTORTION 
tHROUGH READ CHAIN 



Active 

Differentiator 


Zero-Crossing 


Detector i 


TgD*i I^Tqd 


Tqd t^Teo 
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Determining Rq, Co/and Lq For the Active 
Differentiator 

For the equalized read chain shown in Figure 30, Cq, 
RD and Lq are determined respectively in that order. 
The phase characteristics of the active elements are as¬ 
sumed to be negligible. 

An active differentiator is formed by Rq, Cq and Lq 
coupling the emitters of a differential amplifier having 
current sources loD ''^ ®3ch leg. If a differential voltage 
AyEp cos cot is applied to the Active Differentiator, the 
resulting current through Rq and Cq is: 




where 2AvEp is the product of the differential input to 
the Gain Stage Ep and its unbalanced gain. Ay. 
where Rj is the total of Rq and the output impedances 
of Q1 and Q2. The combined output impedances of Q1 
and Q2 is 40 Ohms. 

This condition is approximated for ^ = coc = 

3coh (where coh is the maximum applied frequency of 
appreciable Fourier content). 

The peak value of I (i.e., 2Av Ep Cq w) is important. 
As 1 approaches IO(D)-the transistor Q2 turns off and the 
waveform at Pin 12 distorts. The circuit no longer be¬ 
haves as a differentiator and peak distortion results. 

For best zero crossing detector performance, it is es¬ 
sential that I be maximized. A design value of I which 
results in good noise performance and minimum peak 
shift is 900 microamperes. 1 

I = 2Av Ep Cd CO = 900 x .10-6 
Rearranging the equation for I, 

_ 900 X 10-6 

2Av Ep CO 


Also, solving coc ^ 


.1 

RtCd 


for R j, 


RT = 


1 

cocCd 


Assuming the output impedance of Q1 
bined is 40 Ohms, 


RD = 


1 

cocCd 


-40 


where coq = 3 coh. 


and Q2 com- 


As shown in Table 1, the addition of an inductor, Lq, 
significantly improves phase linearity versus frequency 
as well as providing a roll off for high frequency noise. 
This optimum solution requires the following relation¬ 
ships; 

2 

RtCd Ld 


rearranging, 


Rj^Cd 
Ld=— y- 


^ For optimum zero-crossing detector performance, 
dl/dt should be as large as possible at zero-crossing. 


Motorola guarantees a minimum lo(D) of 1.0 mA. 


TABLE 1 - PHASE LINEARITY (CONSTANT TIME 
DELAY) PERFORMANCE FOR RC versus RLC ACTIVE 
DIFFERENTIATOR NETWORK 


O—\W—-j ^ O 


3u>h 



u; 

u?c 

0 

A0 

u? 

0 

A0 

1.0 

+45.00 


1.0 

0 


0.9 

+48.01 

+ 3.01 

0.9 

+8.49 

+8,49 

O.B 

+51.34 

+ 3.33 

0.8 

+ 17.65 

+9.16 

0.7 

+55.01 

+ 3.67 

0.7 

+27.26 

+9.61 

0.6 

+59.04 

+4.03 

0.6 

+37.03 

+9.77 

0.5 

+63.43 

+4.39 

0.5 

+46.69 

+9.66 

0.4 

+68.20 

+4.77 

0.4 

+56.04 

+9.35 

0.3 

+ 73.30 

+5.10 

0.3 

+65.00 

+8.96 

0.2 

+ 78.69 

+5.39 

0.2 

+73.58 

+8.58 

0.1 

+84.29 

+5.60 

0.1 

+81.87 

+8.29 
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Threshold Considerations 

The threshold circuitry is used in read after write sys¬ 
tems to insure that good data was written, to set up gain 
during an ID burst, and sometimes to indicate a mini¬ 
mum signal voltage for invalid data. Optimum threshold¬ 
ing requires a large swihg at the threshold amplifier in¬ 
puts. A good design value for V||vixA 1-0 Vp-P. and 
should not exceed 1.4 Vp-p. If it does, a timing shift re¬ 
sults. Internal clipping is provided for ail signals greater 
than 400 mVp-p. The distortion resulting from clipping 
has no effect on thresholding because only peaks are 
clipped. 

As shown in Figure 26, the Gain Stage output at Pin 
11 is ac coupled to the threshold amplifier so that volt¬ 
age offsets do not influence thresholding. An attenuator, 
R1/R2, is often required in the ac coupling networks be¬ 
cause the gain stage output is between 1.6 Vp-p and 2.4 
Vp-p for optimum zero-crossing-detector performance. 


Vinta 



R3 should be less than 1 k£2 to minimize the effects of 
Threshold Comparator Bias Current (IthC 50 M)- A 
0.1 nF decoupling capacitor is required for transients. 

The following circuits are useful for multi-channel 
and/or dynamic threshold switching applications. 




Base Line Shift in PE Systems 


The maghitude of R1 should be less than 5 kS2 to 
minimize the effects of Threshold Amplifier Bias current 
(ITHA ~ 15 /.(A). Also, R1 R2 must be greater than 3 
kS2 because the minimum output sink current (Iqs) 
the Gain Stage is 1.5 mA. A resistance equal to R1 
should be wired to ground from the — leg of the Thresh¬ 
old Amplifier (minimize offset bias current effects). 

Note that only the selected amplifier input contributes 
to bias current. Each output of the Threshold Amplifier 
is 5 V||\j7A, and is applied to its resepctive Threshold 
comparator. Each comparator sees 2.5 Vinja. Thresh¬ 
olding is based on a percentage of the nominal voltage 
applied to the comparators, 2.5 V|NTA- Both positive 
and negative references are derived from Vgg as follows: 



R3 

R3 + R4 


(Vee> 


2.6 V|ntA * ^ 


In phase-encoded recording, the read signal may not 
make symmetrical transitions about the zero bias level. 
A lower amplitude signal with a low frequency compo¬ 
nent is often superimposed. Although a highpass filter 
attenuates some of this component, its frequency is 
often close to the —3 dB frequency of the filter and may 
be only —6 dB down from signal amplitudes. This base¬ 
line shift has no adverse effects on the performance of 
the Active Differentiator. However, the Threshold De¬ 
tector is sensitive to the unequal signal peaks. Signal-to- 
noise ratio can be improved by performing a. passive 
differentiation into the Threshold Amplifier. With the 
corner frequency, fc, placed at fL, the fL signal is at¬ 
tenuated —3 dB; the ff-i = 2fL signal is for all practical 
purposes unattenuated. Figure 31 shows the 45° phase 
lead introduced by passive differentiation. Note that this 
technique is not directly applicable to high thresholds 
because the ZCD transitions fall outside the thresholding 
window. However, the threshold window can be delayed 
to overcome this drawback. 

V = 0.707 (2Av Ep) @ f L (+45° Phase Lead) 



(g) 
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The design of the attenuator, R1/R2, follows as de¬ 
scribed previously. Example 3 shows ^ typical applica¬ 
tion of passive differentiation to overcome base-line 
shift. 


FIGURE 31 - RESULTING OPERATION FOR PASSIVE 
DIFFERENTIATION INTO THRESHOLD AMPLIFIER 



I 

I 


V|NTA 
( + 45° shift) 


5. Keep all signal runs as short as possible. The lead on 
Pin 15 will radiate and can couple back into the 
active differentiator. This will result in excessive 
phase jitter. The tell-tale behavior is a ringing at Pin 
11 corresponding to the transitions at Pin 15. To 
overcome this coupling problem, keep the lead on 
Pin 15 short and isolated from the other Input/Output 
lines to the MC3468. Preferably, put it over or next 
to a ground plane. For long distance runs, use a 
twisted pair or coaxial cable. 

When evaluating the device for phase jitter and fre¬ 
quency response, a special test jig should be designed to 
reduce ground loops and coupling caused by instrumen¬ 
tation. Instrumentation test set-ups must be calibrated 
at each test frequency and differential equipment util¬ 
ized where required. A valid evaluation of the perform¬ 
ance of any read amplifier chain requires considerable 
care and thought. 



FIGURE 32 - POWER AND GROUND DISTRIBUTION FOR 
MC3468 PRINTED CIRCUIT BOARD LAYOUT 


TO - - -I - I— 


FFQ 


Board Layout and Testing Considerations 

An LSI package has many input/output pins in close 
proximity,^ some carrying high level signals and others 
low level signals. As carefully as the on-chip isolation of 
the devices connected to these pins is implemented by 
the manufacturer, the coupling of signals or noise be¬ 
tween external wires is under the control of the end-user 
who designs the integrated circuit into a piece of equip¬ 
ment. The designer should be familiar with the following 
layout procedures which will optimize the performance 
of the device. See Figure 32. 

1. Build all circuits on printed circuit boards (including 
breadboards). Transmission line theory for flat con¬ 
ductors in a plane quite convincingly proves that 
coupling is far less than for round conductors in 3- 
dimensions.. 

2. Use a ground plane under the 1C and ovdr as much of 
the printed circuit board surface as possible without 
exceeding practical limits. 

3. Avoid signal runs under the 1C, also avoid parallel runs 
of 1 inch or greater on the opposite or same side of 
board. 

4. Use monolithic ceramic 0.1 juF capacitors for de¬ 
coupling power supply transients. One from Vcc 
ground and one from Vee 1° ground for each 1C 
package. Keep lead lengths to % inch or less and place 
in close proximity to the 1C. 



Note: Dotted Lines Outline Ground Plane 
on Back Side of Printed Circuit Board 
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EXAMPLES 

Example #1 (See Figure 26 for Component Hookup) 

Tape Drive Type: Open Reel 
Encoding: NRZI 

Recording Density: 800 BPI (800 FCPI) 

Tape Speed: 200 IPS 
Signal into Gain Stage 

Epp = 0.3 to 0.6 Vp-p © 80 kHz 
Threshold: 25% of minimum voltage peaks 
The voltage from the Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 


Set the EGC for a gain of 2.7, unbalanced. 

The maximum p-p voltage to the Threshold Amplifier, V|(\|ja, 

is designed for 1 Volt. The required attenuation factor is 7 ^. 

1.0 

Vinta R1 _ 1 

Vq “r1 + R2"i.6 

R1 + R2 ^ 3 kfl and R1 < 5 kJi (See text) 

These constraints are satisfied when R1 = 4.7 kl7 and R2 = 3 kXJ. 
This is an optimum solution for a minimum coupling capacitor 
value. 

Now consider the minimum voltage applied to the Threshold 
Amplifier 

'/|NTA(MIN) 2.7 x 0.3 = 0.5 Vp-p. 

The threshold comparator reference voltage, Vr, is set at 25% of 

2.5V||vita(MIN) 

Vr = 0.25 X 2.5 X 0.5 s 300 mV 


R3 < 1 kf2 (See text) 

Let R3 = 470 fi; then R4 = 10 kfl 

The values of Rq and Cq are determined from the equations 
given in the,text. 

900 X 10~^ 900 X 10~^ 

^ 2Av Ep u) Ay Epp u; 

900x 10-6 

" 2.7 X 0.6 X 2t! X 80 X 103 


Cq ^ 1000 pF 


Assume fc = 3f 


1 . t 

" ucCd ~ ” 27r X 3 X 80 X )03 x 10“ 

Rd = 670 - 40 s 600 a 

Lp=gl^.<gZ0> ?AlP - l g, = 224MH 


Example #2 (See Figure 26 for Component Hookup) 

Tape Drive Type: Open Reel 

Encoding: Phase-Encoded 

Recording Density: 1600 BPI (3200 FCPI) 

Tape Speed: 200 IPS 7 
Signal Into Gain Stage 


Epp = 0.2 Vp-p @320 kHz 
0.4 Vp-p @160 kHz 

Threshold: 25% of minimum voltage peaks 

The voltage from the, Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 


Set the EGC for a gain of 4, unbalanced. 

The maximum p-p voltage to the Threshold Amplifier, V|nxa. 
is designed for 1 Volt. The required attenuation factor is ;j^. 


. V|NTA 

Vo 


R1-rR2 l.p 


R1 + R2 > 3 kn and R1 < 5 kn (See text) 

These constraints are satisfied when R1 s 4.7 kJ7 and R2 s 3 
kn. This is an optimum solution for a minimum coupling capaci¬ 
tor value. Now consider the minimum voltage applied to the 
Threshold Amplifier. 


V|NTA(MIN) ’ 


-X 4 X 0.2 = 0.5,Vp-p 


The threshold comparator reference voltage, Vr, is set at 25% of 
2.5 V,nja(MIN) 

Vr = 0.25 X 2.5 X 0.5 a 300 mV 

R3 < 1 kn (See text) 

Let R3 = 470 n; then R4 a 10 kn 

The values of Rp and Cp ate determined from the equations 
given in the text. 

„ 900 X 10-6 900 X 10-6 900 x 10-6 


4 x 0.4 X Zrr X 160 X 1 06 


Cq = 560 pF 
Assume Iq = 3fn 


WcCd 


27T X 3 X 320 X 103 x5.6 X lO-IO 
Rq = 295 ohms - 40 a 250 n 

RT^Cq (295)2 x 560 x 10-12 
Ld -- 55 -= 24 mH 


-Example #3 (See Figure 26 for Component Hookup) 

Same as Example #2, but consider base-line shift. 

In addition to ac coupling between the Gain Stage and Threshold, 
a passive differentiation is performed to attenuate the lower fre¬ 
quencies producing base-line shift. This improves signaixo-noise 
ratio. The corner frequency is chosen at f (_ = 160 kHz where the 
attenuation is 0.707 (—3 dB) and the phase angle is -h45°. 


2nC (R1 -r R2) 


= 160 X103 


For C = 200 pF 


R1 -fR2 a 5 kn 


.. R1 1 

^°'~R1+R2 1.6x0.707 

Let R1 = 4.7 kn, then R2 = 470 n 
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Example #4 (See Figure 33 for Component Hookup) 

Tape Drive Type; Open Reel 

Encoding; Dual Mode (Phase-Encoded/NRZI) 

Recording Density; 1600 BPI (3200 FCPI) for PE mode and 
800 BPI (800 FCPI) for NRZI mode 

Tape Speed; 200 IPS 
Signal Into Gain Stage 

Same as Examples 1 and 2 
Threshold; 25% of minimum voltage peaks 
NOTE: Consider base-line shift for PE mode. 

This tape drive performs either the NRZI or the PE functions of 
Examples #1 and #3, under control of the SEI. A/B line. Using 
the Gain Stage and Threshold Amplifier Channel A, Channel B 
inputs, the hook-up for a single track is implemented as shown 
in Figure 33. Note that an electronic switch is required for Gain 
switching when the mode is changed. This particular design did 
not require the threshold voltage to be switched, although in a 
typical system it probably would be. 

It is necessary to electronically switch differentiator compo¬ 
nents. A low impedance MOSFET switch is shown. 

Example #5 (See Figure 26 for Component Hookup) 

Tape Drive Type; Open Reel 
Encoding: Group Code 
Recording Density: 6250 BPI, 9042 FCPI 
Tape Speed: 200 IPS 
Signal Into Gain Stage 

Epp = 0.1 Vp-p @ 900 kHz = fH 
Epp = 0.3 Vp-p @ 300 kHz = f l 

Considerations for setting Gain Stage EGC, coupling (passive dif¬ 


ferentiation for base-line shift or straight ac) into the Threshold 
Amplifier, and Threshold setting are similar to the previous ex¬ 
amples. For Group-coded data the EGC setting can be electroni¬ 
cally locked during the ID burst in conjunction with Threshold 
setting. (See Figure 34.) 

Values for Cq and Rq 

900 X 10-6 

° 2Av Ep tu 

900 X 10-6 _ 900 X 10-6 

AvEppU) 5.3 X 0.3 X 27r X 300 X 103 
C[) = 300 pF 
Assume fc = Sf^ 

" cucCd “ " 2;r X 3 X 900 X 103 x 300 x IQ-I^ “ 

Rd = 200 - 40 = 160 Ohms 

Rt^Cd (200)2x300x 10-12 

Ld=-^--- — -= 6 pH 

Example #6 (See Figure 26 for Component Hookup) 

Same as Example #5 except 125 IPS tape speed. 

Signal Into Gain Stage 

Epp = 0.3 yp-p @> 565 kHz 
Epp = 0.6 Vp-p @> 188 kHz 
Cd “ 300 pF, R|3 = 250 n 
Ld = 12.6mH 


FIGURE 33 - MC3468 COMPONENT HOOKUP FOB DUAL MODE PE/NRZI EXAMPLE #4 


NRZI/PE Mode Select 
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FIGURE 34 - APPLICATIONS CIRCUITS 


Digital Attenuator for Setting MC3468 Gain Stage 
Automatically During ID Burst 


Advance Clock ■ 


Settling -' 

Time Monostabte 

Delay 


Threshold 

Detect 

(From MC3468) 


PE PI P2 P3 P4 

Clk 

Inh 

Q1 Q2 Q3Q4 


AS A7 A6 A5 A1 A2 A3 A4 

MC1408L-6DAC 
EF 'O 


[Vref 
VCC I R14 


Ro 


(To EGC of MC3468 
Gain Stage) 


THERMAL INFORMATION 


The maximum power consumption an integrated 

voltages and supply currents at the worst-case oper- 

circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 

ating condition. 

Tjimax) “ Maximum Operating Junction 

„ . ^J(max) “ 

Temperature as listed in the 

R^ja (Typ) 

Maximunri Ratings Section 

Ta = Maximum Desired Operating Ambient 

Where: Pd( 7 ^) = Power Dissipation allowable at a 
given operating ambient temperature. This must be 

Temperature 

RgjAlTyp) = Typical Thermal Resistance 

greater than the sum of the products of the supply 

Junction to Ambient 
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Product Preview 


16 PIN 4K DYNAMIC MEMORY CONTROLLER 

The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin 4K dynamic 
NMOS RAM in a microprocessor system such as the MC6800. The 
controller will generate, on command from the microprocessor, the 
proper timing signals required to successfully transfer data to the 
microprocessor from the NMOS memories. The controller, in con¬ 
junction with a 32 kHz oscillator, will also generate the necessary 
signals required to insure that the dynamic memories are refreshed 
for the retention of data. 

• Greatly simplify the MPU — dynamic memory interface. 

• Reduce package count. 

• CHIP ENABLE for expansion to larger WORD CAPACITY. 

• Generate 1 of 4 RAS signals for an optimum 16K memory system. 

• High input impedance for minimum loading of MPU'bus. 

• Schottky TTL technology for high performance. 

• Upward compatible with future 16K X 1 bit memories. 


MEMORY CONTROLLER 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



BLOCK DIAGRAM 


Signals 

From 

MPU 

32 kHz 
Ref Grant 
Ref Request 



1) One shots 

2) High frequency counters 

3) High frequency shift registers 

4) Delay lines 


This is advarice information and specifications are subject to change without notice. 
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QUAD RS-422/423 LINE RECEIVER 

Motorola's Quad RS-422/3 Receiver features four independent 
receiver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits. Receiver outputs are 74LS compatible, three-state struc¬ 
tures which are forced to a high impedance state when the appropri¬ 
ate output control pin reaches a logic zero condition. A PNP device 
buffers each output control pin to assure minimum loading for either 
logic one or logic zero inputs. In addition, each receiver chain has 
internal hysteresis circuitry to improve noise margin and discourage 
output iristability for slowly changing input waveforms. A summary 
of MC3486 features include: 

• Four Independent Receiver Chains 

• Three-State Outputs 

• High Impedance Output Control Inputs 
(PIA Compatible) 

• Internal Hysteresis - 100 mV (Typ) 

• Fast Propagation Times — 25 ns (Typ) 

• TTL Compatible 

• Single 5 V Supply Voltage 


QUAD RS-422/3 LINE RECEIVER 
WITH THREE-STATE 
OUTPUTS 




ORDERING INFORMATION 


TEMPERATURE RANGE 


0 to +70°C 


0 to +70°C 


I BESSES I 

lumifaitjMl 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Rating 

Symbol 

Power Supply Voltage 

Vcc 

Input Common Mode Voltage 

V|CM 

Input Differential Voltage 

V|D 

Three-State Control Input Voltage 

Vl 

Output Sink Current 

•o 

Storage Temperature 

Tstg 

Operating Junction Temperature 

Ceramic Package 
Plastic Package 

Tj 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the devices should be oper¬ 
ated at these limits. The "Table of Electrical Characteristics" provides conditions for 
actual device operation. 

RECOMMENDED OPERATING CONDITIONS 


Rating 


Power Supply Voltage 


Operating Ambient Temperature 


Input Common Mode Voltage Range 


Input Differential Voltage Range 




Unit 


V 


V 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature and 

power supply voltage ranges. Typical values are for T^ = 25°C, Vcc “ 5-0 V and V|c = 0 V. See 
Note 1.) 


Characteristic 


Input Voltage — High Logic State 
(Three-State Control) 


Input Voltage - Low Logic State 
(Three-State Control) 


Differential Input Threshold Voltage 

(-7.0 V < V|C < 7.6 V, V|H(3C) = 2.0 V) 
do = 0.4 mA,VoH>2.7 V) 
(IO=8.0mA,VoL>0.5V) 


Input Bias Current 

(Vcc = 0 V of 5.25) (Other Inputs at 0 V) 
(V| =-10 V) 

(V| = -3.0 V) 

(V|=+3.0V) 

(Vi =+10V) 


Input Balance 

(-7.0V<V(C<7.0 V,V|h(3 C) =2.0V, 
See Note 3) 

(IO=0.4mA,V|D-=0.4V) 
(IO=8.0mA,V|D = 0.4V) 


Output Third State Leakage Current 

(V|(D) =+3.0 V, Viu(3C) = 0-8 V, VoL = 0.5 V) 
(V|(D) = -3.0 V, V|l(3C) = 0.8 V, Vqh = 2.7 V) 


Output Short-Circuit Current 

(V|(D) = 3.0 V, V,H(30) = 2.0 V, Vq = 0 V, 
See Note 2) 


Input Current — Low Logic State 
(Three-State Control) 
(V|H(3S)=0.5V) 


Input Current — High Logic State 
(Three-State Control) 

(V|H(3S) = 2.7 V) 
(VlH(3S) = 5.25 V) 


Input Clamp Diode Voltage 
(Three-State Control) 

(lC(3S) ='^OmA) 


Power Supply Current 

<V|i.(3S) =0 V) 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V and T/^ = 25°C.) 


Characteristic 

Symbol 

Min 

Typ 

MsTx 

Unit 

Propagation Delay Time — Differential 





ns 

Inputs to Output 






(Output High to Low) 

tPHL(D) 

- 

20 

- 


(Output Low to High) 

fPLH(D) 

- 

25 

- 


Propagation Delay time — Three-State 





ns 

Controi to Output 

■■■ 





(Output Low to Third State) 


- 

23 

- 


(Output High to Third State) 


— 

25 

- . ^ 


(Output Third State to High) 


- 

18 

- 


(Output Third State to Low) 

■SB 

- 

20 

- 



NOTES: 


1. Ail currents into device pins are shown as positive, out of device pins are negative. Ail voltages referenced to ground unless otherwise 
noted. 

2. Oniy one output at a time should be shorted. 

3. Refer to EIA RS-422/3 for exact conditions. 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 
Propagation Delay Differential Input to Output 


To Scope 
(Input) 


To Scope 
(Output) 



3.0 V- 

Input 

0 V- ! 

tPLH(D)—• 
VOH - 


-^PLH(D) 


VoL 
0 V 


t;4.3V \l-3 V 


Input Pulse Characteristics 


ty|_n t-pj.) L *= 6,0 ns (1096 to 9096) 
PRR = 1.0 MHZ, 50% Duty Cycle 


FIGURE 2 - PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 

To Scope 


+1.5 V for tpH2 end tpLZ 
-1.5 V for tpi_2 end tpjjL 

Input Pulse Characteristics 
t-pLH = t-pi+L ® 6.0 ns (1096 to 90%) 
PRR = 1.0 MHz, 50% Duty Cycle 


tPLH 



SW1 Closed 
tpLZ SW2 Closed 




1.5 V SW1 Open 
SW2 Closed 
tpZH 


0 V- 


3.0 V-y /- 

Input +1.5 v/1.5 V 

n \/-+—- ' 


a>5.0 V -Vqe 
O utput 

VoL 


SW1 Closed 
SW2 Open 
tpzu 
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Product Preview 


QUAD LINE DRIVER WITH 
THREE-STATE OUTPUTS 

Motorola's Quad RS-422 Driver features four independent driver 
chains which comply with EIA Standards for the Electrical Char¬ 
acteristics of Balanced Voltage Digital Interface Circuits. The outputs 
are three-state structures which are forced to a high impedance state 
when the appropriate output control pin reaches a logic zero condi¬ 
tion. All input pins are PNP buffered to minimize input loading for 
either logic one or logic zero inputs. In addition, internal circuitry 
assures a high impedance output state during the transition between 
power up and power down. A summary of MC3487 features include: 

• Four Independent Driver Chains 

• Three-State Outputs 

• PNP High Impedance Inputs (PIA Compatible) 

• Power Up/Down Protection 

• Fast Propagation Times (Typ 15 ns) 

• TTL Compatible 

• Single 5 V Supply Voltage 

• Output Rise and Fall Times Less Than 20 ns 

• Equivalent to DS 3487 



QUAD RS-422 LINE DRIVER 
WITH THREE-STATE 
OUTPUTS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



PIN CONNECTIONS 


Input A 1 
/2 

Outputs A< 

13 

A/B Control 4 
Outputs B 

Input B 7 
Qnd 8 



'« Vcc 
15 Input D 

Outputs D 

12 C/D Control 
il> 

Outputs C 
9 Input C 


TRUTH TABLE 



Non-Inverter 

Inverter 

Output 

Output 

- H 

L 

L 

H 

z . 

Z 


L = Low Logic State 
H = High Logic State 
X = Irrelevant 

Z = Third-State (High Impedance) 


This is advance information and specifications are subject to change without notice. 
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*ABSOLUTE MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

8.0 

Vdc 

Input Voltage 

V| 

5.5 

Vdc 

Operating Ambient Temperature Range 

Ta 

0 to +70 

°C 

Operating Junction Temperature Range 

Tj 


°C 

Ceramic Package 


175 


Plastic Package 


150 


Storage Temperature Range 

^stg 

-65 to +150 

°C 


'"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The "Table of Electrical Characteristics" provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply 4.75 V < Vqc ^ 5.25 V and 0°C < 7^ < 70°C. 

Typical values measured at = 5.0 V, and T/\ = 25°C.) 


Characteristic 


nput Voltage — Low Logic State 


Input Voltage — High Logic State 


Input Current - Low Logic State 
(V|l = 0.5 V) 


Input Current — High Logic State 
(V|H = 2.4 VI 
(V(h = 5.5V) I 


Input Clamp Voltage 
(l|C = -12mA) 


Output Voltage — Low Logic State 
(IOL~^8mA) 


Output Voltage — High Logic State 
dOH -10 mA) 
(lOH'^-SOmA) 


Output Short-Circuit Current 
(V|h = 2.0V)2 


Output Leakage Current — Hi-Z State 
V|l = 0.4V,V|l(Z) = 0.8 V) 

V|h = 2.4V,V|l(Z) = 0.8 V) 


Output Leakage Current — Power OFF 
(Vqh = 6.0 V, Vcc = 0 V) 

(VoL = -0.25 V, Vcc = 0 V) 


Output Offset Voltage 1 


Output Differential Voltage 1 


Output Differential Voltage Difference 1 


Power Supply Current 


1. See EIA Specification RS-422 for exact test conditions. 

2. Only one putput may be shorted at a time. 




MOTOROLA SGmiconductor Products Inc, 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC3490P 

0°C to -t-70°C 

Plastic DIP 

MC3494P 

0°C to -l-70°C 

Plastic DIP 


SEVEN-DIGIT GAS-DISCHARGE DISPLAY DRIVERS 

Seven channel digit (anode) drivers, the MC3490 and MC3494 
are specifically conceived to be used with high-voltage, gas-discharge 
numeric displays such as the Burroughs' Panaplex®, Beckman (Sperry) 
Cherry, or Diacon displays. 

The MC3490 version is configured such that a high logic level 
input causes the driver to turn on while the MC3494 requires a low 
logic level to turn the drivers on. Both devices are designed to mate 
with the MC3491 cathode (segment) driver. 

With a low input current requirement of only 300 pA typically, 
these devices are compatible with popular MOS chips. 

Minimum breakdown voltage is specified at 48 V and output 
drive current capability is typically 30 mA per channel. 

• High Breakdown Voltage — 55 V Typical 

• Low Input Current for MOS Compatibility 

• Available with Either Active High or Active Low Inputs 

• Operable from Either Positive or Negative Supply Voltages 

• Input Clamp Diodes on MC3494 Version for DC Restoration 

• Internal Pull-down Resistors 


MC3490 MC3494 


ANODE (DIGIT) DRIVERS FOR 
GAS-DISCHARGE DISPLAYS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 
MC3490 


P SUFFIX 

PLASTIC 
PACKAGE 
CASE 648 
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MAXIMUM RATINGS (T/\ =25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Negative Supply Voltage 

(Current Limited to -5 mA) 

Vee 

-60 

Vdc 

Negative Supply Current 

lEE 

-5.0 

mAdc 

Input Voltage 

V| 

Vcc-20.VcC 

Vdc 

Output Current 
(Vo = -5V) 

'o 

-50 

mAdc 

Package Power Dissipation 

Derate above 25°C 

Pd 

830 

6.7 

mW 

mW/°C 

Junction Temperature 

Tj 

150 

°C 

Operating Ambient Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T^ = 25°C, 'Jcc ~ '^EE ~ V, unless otherwise noted.) 


Characteristic 

Symbol 

MC3490 

MC3494 

Unit 

Min 

warn 

Max 

Min 

Typ 


Substrate Breakdown Voltage 

VS(BR) 

-48 

-55 


-48 

-55 


Vdc 

Pin 16 ,Vqq = Gnd 









Pin 8 connected to -60 V thru 5 kfi 









Input Current - On State 








juA 

V|=0.0V(See Figure4) 



250 

450 


- 

- 


V| = -7.0 V (See Figure 3) 


IIIBII 

- 

- 


-200 

-350 


Input Current — Off State 

l|(off) 







mA 

V| =-15V 



<-1.0 

-45 


_ 

_ 


V| = 0,0V 



- . 



<1.0 

45 


Input Voltage — Off State 

V|(off) 


- 

- 

■ - 

■ - 

»riM 

Vdc 

Vo = VgE (See Figures 3 and 4) 


mm 





mm 


Input Voltage — On State 

'^Kon) 

- 

- 

-2.0 


- 

- 

Vdc 

Vo = Vcc-5.0 Figures 3 and 4) 





mm 




Output Voltage — Off State 

Vo(off) 



■■■■ 




Vdc 

V| = 0.0 V 


- 

- 


VpF + 5.0 

< 

m 

m 



V| = -7.0 V 


Vee +5.0 

Vee 


- 


IHI 


Output Voltage — On State 

Vo(on) 





■m 


Vdc 

IO = -20mA, V| =0.0V 


-3.5 



- 




IO=-20mA, V| =-7.0V 


_=_ 


HBII 

-5.0 


HBI 



SYSTEM DISCUSSION 


The MC3491 and MC3490/MC3494 high voltage driver 
system is designed such that it can be floated and any 
point in the system may be tied to circuit ground. In a 
MOS system, normally either the ground pin on the 
MC3491 is tied to the most negative MOS voltage; or 
the Vcc P''^ MC3490/MC3494 is connected to 

the most positive MOS voltage. In the electrical character¬ 
istics table, this Vqc voltage is assumed to be 0.0 volts. 


The MC3490/MC3494 provides its own internal voltage 
reference when a current (-100 pA to -5 mA) is drawn 
atthe VgE pin (Pin 8). This can be provided by connecting 
a resistor from Pin 8 to the high voltage reference on the 
cathode driver or any other voltage more negative than 
Vcc -60 V. This voltage (Pin 8) is approximately -55 V 
and provides a reference for the pull-down function for 
each channel. 


MOTOROLA Semiconductor Products Inc. 
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Vo, OUTPUT VOLTAGE (VOLTS) lEE. SUBSTRATE CURRENT (mA) 


MC3490, MC3494 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 1 - SUBSTRATE CURRENT versus 
SUBSTRATE VOLTAGE 


FIGURE 2 - PERMISSIBLE OPERATING RANGE 



Vcc -10 -20 -30 -40 -50 -60 

Vee, substrate voltage (VOLTS) 


FIGURE 3 - OUTPUT VOLTAGE and INPUT CURRENT 
versus INPUT VOLTAGE 



Vcc, VOLTAGE (VOLTS) 


FIGURE 4 - INPUT CURRENT and OUTPUT VOLTAGE 
versus INPUT VOLTAGE 



REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/7 Shown) 


MC3490 




i Output 


(g) 


MOTOROLA Semiconductor Products the. 
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12-DIGIT McMOS GAS DISCHARGE DISPLAY 

When the number of digits for a gas discharge display 
system is greater than the number of segment drivers, it is 
generally more economical to level translate down to the 
cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -180 V respectively. 

The positive logic CMOS address circuits are powered 
by -10 V (Vdd = 0, Vss = -10 V) with the MC14558 
decoder outputs capacitor-coupled to the MC3491 Segment 
Drivers and the scan circuit directly-coupled to the 
MC3490 Anode Drivers. Thus, only eight capacitors 
(seven segments, one decimal point) are required as com¬ 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 has input clamp diodes allowing for dc 
restoration of the segment address pulse. This high voltage 
driver (80 V) also features programmable segment current 
by the selection of a single external resistor. 

The MC3490 Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic level input 
MC3494 Anode Driver should be used.) The internal 
zener diode string of the MC3490 references the off 


drivers (and display anodes) to -50 .V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MCI4022 Octal Counter/Drivers. The 12 se¬ 
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. In addition 
to driving the two MC3490s, the counter output should 
also control the system multiplexer (not shown) to 
properly synchronize the entire display system. 

The MCI4558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main¬ 
tained off for some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 


FIGURE 5 - 12-DIGIT McMOS GAS DISCHARGE DISPLAY SYSTEM 


















3-1/2 DIGIT VOLTMETER 

This specific application provides a 3-1/2 digit OVM 
utilizing the MCI 505 dual ramp subsystem and CMOS 
MC14435 digital subsystem. Interfacing between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3-1/2 Digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upward to the 
MC3494 Anode Drivers. Three of the transistors com¬ 
prising the MPQ7042 high voltage quad transistor are used 
for this function. These transistors, connected in a com¬ 
mon-base, constant-current configuration, are turned on 
by the negative going digit select output pulses of the 
MC14435. The current of approximately 330 pA is com¬ 
patible with 200 pA typical input current of the MC3494 
and the sink current capability of the MCI 4435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 Segment 
Driver. Cathode blanking is accomplished by taking the 
clock signal from Pin 4 of the MC14435 (approximately 
50% duty cycle) and tying it to the Enable input of the 
MC14458. The display segment current is increased accord¬ 
ingly to 1.1 mA (manufacturers maximum specified current 


equals 1.25 mA) for this relatively large cathode blanking 
period. 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively. Their dc segment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 

The 1/2 digit segments are driven by transistor Q1. 
Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over¬ 
range Oscillator. 

When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscillator 
rate (approximately 8 Hz). This is accomplished by blank¬ 
ing the 1/2 digit through 01 and the multiplexed digits 
through diode D1 to the decoder enable input. 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 


FIGURE 6 - 3-% DIGIT DIGITAL VOLTMETER 




MC1405 

A/D 

Converter 

Subsystem 


Comp. Vqo D§t 

MC14435 
^ 3’/* Digit 

5B 032 

Cl A/O Logic 
Subsystem 
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12 HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 
'The MC3491 cathode driver and MC3494 anode 
driver, greatly simplify the interfacing of a clock chip 
(MOSTEK MK50250) to a gas discharge clock display 
(Burroughs CD60733-CM). 

TheMK50250hasa6digitclockdisplay with multiplex¬ 
ed 7 segment outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
■t-75 Volts (off condition) with current limiting for the 
display provided via the current programming pin on the 
MC3491. The -h 75 Volt reference is obtained from a 
75-Volt zener diode. Z1. R1, and a 50-Volt zener diode 
internal to the MC3494 anode driver. 

The programming current is reduced during the time 
when the "two seconds" indicator digits are ON, to reduce 
the current through these smaller digits of the display. 
Four diodes attached to each of the "hours" and "min¬ 
utes" digits, provide a voltage of +1.80 Volts across the 
680 kf2 resistor. During the "seconds" digits display time, 
the voltage is reduced to +130 Volts, thus reducing the 
programming current. 

The anodes for each of the six digits are switched 
between the +180 Volt positive supply and +130 Volts 
via the MC3494 anode drivers. Inter-digit blanking is 


provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494 uses 
two MPQ7042 quad high voltage transistor packages oper¬ 
ating in an emitter follower current source mode. Each 
current source turns on one of the IVIC3494 drivers by 
sinking 300 pA to ground for the proper "on" digit. 

The AM/PM clock output is in the high state when 
PM is indicated and has a 85^ duty cycle corresponding 
to each anode on time. A MCI 4001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the D6 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection. 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 
are switched from +75 Volts to ground via T1 during the 
D5 digit time while the anodes are switched between 
+180 and+130 Volts. 

Further information concerning operation or technical 
specifications on the MOSTEK clock chip, MK50250, and 
the Burroughs clock display, CD60733-CM is obtainable 
from the manufacturers. 


FIGURE 7-12 HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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EIGHT-SEGMENT VISUAL DISPLAY DRIVERS 

The MC3491 and MC3492 are eight-segment cathode drivers for 
use with gas-discharge displays, such as the Burroughs' Panaplex®, 
Beckman, Cherry or Diacori types. Both devices are directly compat¬ 
ible with MOS logic outputs due to their low 300 juA input current 
requirement. 

All eight driver output currents are simultaneously programmable 
by selection of a single external resistor. As programmed, all eight 
currents match to within typically 1% of each other. 

Both devices provide dc restoration. The units are specified for a 
minimum breakdown voltage of 80 V. 

The MC3492 device is made for larger and higher intensity dis¬ 
plays requiring higher segment current. 

• High Breakdown Voltage — 80 V Min 

• Drives Seven Cathode Segments plus Decimal Point 

• All Currents Simultaneously Programmable with One Resistor 

• MC3491 is Pin-for-Pin and Functionally Equivalent to DM8889 

• Output Current/Programming Current Ratio — 

Typically 4.5:1 for MC3491 
9;1forMC3492 

• Companion with MC3490 and MC3494 Anode Drivers 

• MC3492 Provides Increased Output Current for High 

Intensity Displays 

'Higher Voltage Selection Available 


SEGMENT DRIVERS FOR 
GAS-DISCHARGE DISPLAYS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



PIN CONNECTIONS 


Programming 
Current 
Input 1 
Input 2, 
Input 3 
Input 4 
Input 5 
Input 6 
Input 7 
Input 8 


Output 1 
I Output 2 
Output 3 
{Output 4 
Output 5 
Output 6 
Output 7 
Output 8 
Substrate (Gnd) 


FIGURE 1 - TYPICAL CALCULATOR APPLICATION 
WITH CAPACITIVE LEVEL SHIFT AND ANODE DRIVER 


_ ORDERING INFORiyiATION 

DEVICE TEMPERATURE RANGE 

MC3491P _ 0 to +70^0 _ 

MC3492P 0 to +70^0 



^Registered Trademark of Burroughs Corporation 
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MAXIMUM RATINGS (Unless otherwise noted, = 25°CI 


Rating 


Output OFF Voltage 

(Current Limited to 0.5 mA) 


Output ON Voltage 

(Current Limtied to 2.0 mA) 


Input Voltage 


Programming Current 


IVIC3491 

MC3492 


Junction Temperatu 


Operating Ambient Temperature Range 


St'orage Temperature Range 


Symbol 

Value 

Unit 

Vo(off) 

95 

V 

'/0(on) 

50 

V 

V| 

20 

V 

Iprog 

400 

aA 


2500 


Tj 

150 

Oc 

Ta - 

0 to 70 

°c 

7stg 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, V^c < 80 V, T/\ = 25°C, Pin 10 = Gnd. All voltages with respect to Gnd.) 


MC3492 


Characteristic 


Input Current 
(V|h = 7.0V) 


Input Clamp Voltage 
(l|C = -1.0 mA) 


Input OFF Voltage 


Input ON Voltage 


Output OFF Current 
(V|L = 0 V, Vq = Vcc) 


Output ON Current 
^^prog ~ 100 aA) 
^^prog ~ 850 aA) 
^^prog “ fA) 
(Iprog " 500 aA) 


Output Current (Watching 
(All eight outputs) 



Output ON Voltage 

(Iprog = 100 aA, Rl = 1.0 IWO, V|h =,7.0 V) 


Output Saturation Voltage 

(Iprog = 300 aA, Rl = 1.0 IWn, V|h = 7.0 V) 


Output Voltage Compliance Range 

(Iprog = 100 aA, lo(on) =450 aA,V|h = 7.0V) 
(See Figure 3) 

(Iprog = 300 a A, lo(on) = 3.8 mA, V|H = 7.0 V) 
(See Figure 3) 



''O(on) 


'^O(sat) 


VOR(on) 



50 

- 

- 

5.0 


Circuit diagrams Utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete Information sufficient for construction purposes'is not cortvey to the purchaser of the serhiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


(^) MOTOROLA S&nrtlctonduGtor Rroeluct 9 Inc. 





















































































































iQ, OUTPUT CURRENT (M) 'O- OUTPUT CURRENT (mA> 


MC3491, MC3492 


TYPICAL PERFORMANCE CHARACTERISTICS 

FIGURE 2 - OUTPUT CURRENT versus PROGRAMMING CURRENT (T^ = 25°C) 


MC3491 MC3492 



FIGURE 3 - OUTPUT CURRENT versus OUTPUT VOLTAGE 
MC3491 (V|h = 7.0V,Ta = 25°C) MC3492 
































IV1C3491, MC3492 


TYPICAL PERFORMANCE CHARACTERISTICS 

FIGURE 5 - TYPICAL PROGRAMMING CURRENT versus VOLTAGE ON PROGRAMMING PIN 

(Ta = 25°C) 



RESULTING VOLTAGE ON PROGRAMMING PIN 

THERMAL lIMFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

_ Tj{max) "Ta 
R0ja(Typ) 

Where: Pd(Ta) ~ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
■currents at the worst case operating condition. 

Tj(max) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^jAfTyp) = Typical Thermal Resistance Junction to 
Ambient 



REPRESENTATIVE CIRCUIT SCHEMATIC 



■@) 


MOTOROLA Semiconductor Rroducts Inc. 
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12-DIGIT McMOS GAS DISCHARGE DISPLAY 

When the number of digits for a gas discharge display 
system is greater than the number of segment drivers, it is 
generally more economical to level translate down to the 
cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -^180 V respectively. 

The positive logic CMOS address circuits are powered 
by -10 V (Vdd = 0. Vss = -10 V) with the MC14558 
decoder outputs capacitor-coupled to the MC3491 Segment 
Drivers and the scan circuit directly-coupled to the 
MC3490P Anode Drivers. Thus, only eight capacitors 
(seven segments, one decimal point) are required as com¬ 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 and MC3492 have input clamp diodes 
allowing for dc restoration of the segment address pulse. 
These high voltage drivers (80 V) also feature programma¬ 
ble segment current by the selection of a single external 
resistor. 

The MC3490P Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic level input 
MC3494P Anode Driver should be used.) The internal 


zener diode string of the MC3490P references the off 
drivers (and display anodes) to -50 V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MC14022 Octal Counter/Drivers. The 12 se¬ 
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. In addition 
to driving the two MC3490P's, the counter output should 
also control the system multiplexer (not shown) to 
properly synchronize the entire display system. 

The MCI 4558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main¬ 
tained off for some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 


FIGURE 6 - 12-DIGIT McMOS GAS DISCHARGE DISPLAY SYSTEM 














3-1/2 DIGIT VOLTMETER 

This specific application provides a 3-1/2 digit DVM 
utilizing the MCI 505 dual ramp subsystem and CMOS 
MC14435 digital subsystem. Interfacing between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3-1/2 Digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upwa.d to the 
MC3494 Anode Drivers^. Three of the transistors com¬ 
prising the MPQ7042 high voltage quad transistor are used 
for this function. These transistors, connected in a com¬ 
mon-base, constant-current configuration, are turned on 
by the negative going digit select output pulses of the 
MCI4435. The current of approximately 330 pA is com¬ 
patible with 200 pA typical input current of the MC3494 
and the sink current capability of the MCI4435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 or 
MC3492 Segment Drivers. Cathode blanking is accom¬ 
plished by taking the clock signtil from Pin 4‘ of the 
MC14435 (approximately 50% duty cycle) and tying it to 
the Enable input of the MCI 4458. The display segment 
current is increased accordingly to 1.1 mA (manufacturers 


maximum specified current equals 1.25 mA).for this rela¬ 
tively large cathode blanking period. 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively. Their dc segment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 

, The 1/2 digit segments are driven by transistor Q1. 
Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over¬ 
range Oscillator. 

When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscillator , 
rate (approximately 8 Hz), This is accomplished by blank¬ 
ing the 1/2 digit through 01 and the multiplexed digits 
through diode D1 to the decoder enable input. 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 


FIGURE 7 - 3-% DIGIT DIGITAL VOLTMETER 




(^) MOTOROLA Semiconductor Products Inc, 
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12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 

The MC3491 or MC3492 cathode drivers and MC3494P 
anode driver, greatly simplify the interfacing of a clock 
chip (MOSTEK MK50250) to a gas discharge clock dis¬ 
play (Burroughs CD60733-CM). 

The l\/IK50250 has a 6 digit clock display with multiplex¬ 
ed 7 segment outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
+75 Volts (off condition) with current limiting for the 
display provided via the current programming pin on the 
MC3491 or MC3492. The +75 Volt reference is obtained 
from a 75-Volt zener diode, Z1, R1, and a 50-Volt zener 
diode internal to the MC3494P anode driver. 

The programming current is reduced during the time 
when the "two seconds" indicator digits are ON, to reduce 
the current through these smaller digits of the display. 
Four diodes attached to each of the "hours" and "min¬ 
utes" digits. ■ provide a voltage of +180 Volts across the 
680 kS2 resistor. During the "seconds" digits display time, 
the voltage is reduced to +130 Volts, thus reducing the 
programming current. 

The anodes for each of the six digits are switched 
between the +180 Volt positive supply and +130 Volts 
via the MC3494P anode drivers. Inter-digit blanking is 


provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494P uses 
two MPQ7042 quad high voltage transistor packages oper¬ 
ating in aii emitter follower current source mode. Each 
current source turns on one of the l\/IC3494P drivers by 
sinking 300 pA to ground for the proper "on" digit. 

The AM/PM clock output is in the high state when 
PM is indicated and has a 85% duty cycle corresponding 
to each anode on time. A MCI4001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the D6 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection. 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 
are switched from +75 Volts to ground via T1 during the 
D5 digit time while the anodes are switched between 
+ 180 and +130 Volts. 

Further information concerning operation or technical 
specifications on the MOSTEK ciock chip, MK50250, and 
the Burroughs clock display, CD60733 CM is obtainable 
from the manufacturers. 


FIGURE 8 - 12-HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 

MP07nAO 



/UN 
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MC6880A 

MC8T26A 

This device may be ordered under 
either of the above type numbers. 


QUAD THREE-STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the —48 mA driver and —20 mA receiver out¬ 
puts are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
IVI6800 family or other comparable MPU devices. The maximum 
input current of 200 /uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

The MC8T26A is identical to the NE8T26A and it operates from 
a single -i-5 V supply. 

• High Impedance Inputs 

• Single Power Supply 

• High Speed Schottky Technology 

• Three-State Drivers and Receivers 

• Compatible Wtih M6800 Family Microprocessor 


QUAD THREE-STATE 
BUS TRANSCEIVER 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 


MICROPR(}CESSOR BUS EXTENDER APPLICATION 

(Clock) 

GNO +5 V <t>^ 02 




























MAXIMUM RATINGS = 2S^C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

8.0 

Vdc 

Input Voltage 

V| 

5.5 

Vdc 

Power Dissipation @ T;i^ = 26°C 

Derate above 25‘’C 

Pd 

1000 

6.7 

mW 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +75 

°c 

Storage Temperature Range 

^stg 

-65 to+150 

"C 


Characteristic 

Symbol 

Input Current — Low Logic State 


(Receiver Enable Input, V|l(RE) = 

'lL(Rl) 

(Driver Enable Input, V|l(dE) “ ^.4 V) 

l|L(DE) 

(Driver Input, Vil(D) O '* 

'lL(D) 

(Bus (Receiver) Input, Vu_(g) = 0.4 V) 

'il(B) 

Input Disabled Current — Low Logic State 
(Driver Input, V|l(d) “ 0-4 V) 

l|L(D) DtS 

Input Current-High Logic State 


(Receiver Enable Input, V|h(re) = 5.25 V) 

l|H(^) 

(Driver Enable Input, V|H(dE)-’' 5.25 V) 

l|H(DE) 

(Driver Input, V|h(d) = 5.25 V) 

'IH(D) 

Input Voltage —, Low Logic State 


(Receiver Enable Input) 

Vil(RE) 

(Driver Enable Input 

'/|L(DE) 

(Driver Input) 

V|L(D) 

(Receiver Input) 

V|L(B) 

Input Voltage — High Logic State 


(Receiver Enable Input) 

V|H(r1) 

(Driver Enable Input) 

V|H(DE) 

(Driver Input) 

V|H(D) 

(Receiver Input) 

V|H(B) 

Output Voltage — Low Logic State 


(Bus Driver) Output, loL(B) ” 48 mA) 

VOL(B) 

(Receiver Output, Iol(R) = 20 mA) 

VOL(R) 

Output Voltage - High Logic State 


(Bus (Driver) Output, Ioh(B) “ 

VOH(B) 

(Receiver Output, loH(R) ~ —2.0 mA) 

(Receiver Output, ioH(R) “ —lOOpA, V^c 5.0 V) 

VOH(R) 

Output Disabled Leakage Current — High Logic State 


(Bus Driver) Output, Voh(B) " 2.4 V) 

'OHL(B) 

(Receiver Output, Voh(R) “ 2.4 V) 

'OHL(R) 

Output Disabled Leakage Current — Low Logic State 


(Bus Output, VoL(B) ^ 0-5 V) 

•OLL(B) 

(Receiver Output, Vol(R) = 0-5 V) 

'OLL(R) 

Input Clamp Voltage 


(Driver Enable Input 1|D(DE) “ “^2 mA) 

V|C(DE) 

(Receiver Enable Input l|C(RE) “ mA) 

V|C(REI 

(Driver Input l|C(D) “ —12 mA) 

VlC(D) 

Output Short-Circuit Current, Vcc “ 5.25 V 'H 


(Bus (Driver) Output) 

'OS(B) 

(Receiver Output) 

'OS(R) 

Power Supply Current 

Ice 

(Vcc= 6.25 V) 





(1) Only one output may be short-circuited at a time. 

—- MOTOROLA Semiconductor Products Inc. 
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SWITCHING CHARACTERISTICS (Unless otherwise noted, specifications apply at = 25°C and = 5.0 V) 


Characteristic 

Symbol 

Propagation Delay Time from Receiver (BusI Input to 

High Logic State Receiver Output 

fPLH(R) 

Propagation Delay Time from Receiver (Bus) Input to 

Low Logic State Receiver Output 

tPHL(R) 

Propagation Delay Time from Driver Input to 

High Logic State Driver (Bus) Output 

tPLH(D) 

Propagation Delay Time from Driver Input to 

Low Logic State Driver (Bus) Output 

»PHL(D) 

Propagation Delay Time from Receiver Enable Input to 

High Impedance (Open) Logic State Receiver Output 

tPLZ(RE) 

Propagation Delay Time from Receiver Enable Input to 

Low Logic Level Receiver Output 

tPZL(RE) 

Propagation Delay Time from Driver Enable Input to 

High Impiedance Logic State Driver (Bus) Output 

tPLZ(DE) 

Propagation Delay Time from Driver Enable Input to 

Low Logic State Driver (Bus) Output 

fPZL(DE) 



FIGURE 1 - TESTCIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER! INPUT TO RECEIVER OUTPUT <»plh(R)'*PHL(R) 


-txLH ^ ® ® 


0 V- 

'PHL(R)- 
VqH- 


Input Pulse Frequency = 10 MHz 
-tPLH(R) Duty Cycle = 50% 


To Scope 
(Input) 


To Scope 
(Input) 


Pulse (-TL 

Generator 


Receiver (Bus) 
input 



■1.3 k ^ 30pF 
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FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT AND tp„L(D) 


<THL < 5.0 I 
2.6 V- 


■ tjLH ^ 


^90% 90%^ 

■1.5 V 1.5 V- 



* Input Pulse Frequency = 10 MHz 

PLH(D) Duty Cycle = 50% 


2.6 V 

To Scope Driver 

(Input) T Enable 


To Scope 
(Output) 


LTL) } 51 

Pulse I 

Generator 


FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tpLZ(RE)' AND tpzL(RE| 


tTHL ^ "*■ 

2.6 V- 


0 V — 
tPLZCRE) 


To Scope 
(Input) 


Receiver Enable 
Input 


Pulse L_n_) 
Generator 


Receiver (Bus) 
Input 


Driver Enable 
Input 


tTHL ^ 


r90% 90% T 

1.5V 1.5V* 



Input Pulse Frequency - 5.0 MHz 
Duty Cycle = 50% 


To Scope 
(Output) 



> - 

-o-^ 


Receiver 




r^. .^ 


5.0 k < ^ 30 pF 
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FIGURE 4 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT .tpLO(DE) *POL(DE) 


^ 5.0 ns - 
2.6 V- 


■ ^THL ^ 


O V- 

tpZUDE) 

*«3.S V- 


Input Pulse Frequency = 5.0 MH 
Duty Cycle = 50% 

• tpLZ(DE) 


To Scope 
(Input) 


Driver Enable 
Input 


To Scope 
(Output) 


Pulse (-TL 
Generator v_ y 


Driver (Bus) 
Output 




FIGURE 5 - BI-DIRECTIONAL BUS APPLICATIONS 




Driver Y 
Enable I 

n 

1 Enable 

To Other 

Drivers/ Receivers 

V. 

|/ V 


i 

L 


* i 

Driver j 

Eriable j 

FSeceiver 

Enable 
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TRIPLE BI-DIRECTIONAL BUS SWITCH 

The MC6881/3449 is a three channel, non-inverting, bi-directional 
Bus Extender. It is designed to allow the bi-directional exchange of 
TTL level digital information between a selected pair of ports in a 
three port network. All three ports of each channel may b e forced to 
a high impedance condition through that channel's Enable input. 

Port pair selection and listener/talker status for the three channels 
is determined through the Control and Select inputs. All inputs are 
PNP buffered, M6800 Family compatible, and protected with 
Schottky-Barrier diode clamps to suppress undershoot voltages. 

A summary of MC6881/3449 features include: 


• Three Channels 

• Noninverting Data Exchange 

• Bi-Directional Operation 

• Active Pull-Up with Three-State Capability 

• High Impedance Inputs 

• TTL Compatible 

• High Speed Schottky Technology 

• Single Power Supply 



This device may be ordered'under 
either of the above type numbers. 


BI-DIRECTIONAL 
BUS EXTENDER/SWITCH 





I I T«mparaturtt 
Altarnate I Raima 
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ELECTRICAL CHARACTERISTICS (4.75 V < Vcc < 5.25 V, O^C < Ta < 70°C) 


Min 


Characteristic 


Input Current — Low Logic State 
(V|l = 0.4V) 


Input Current - High Logic State 
(V|H = 2.7 V) 

IV|H = 5.25 V) 


Input Voltage — Low Logic State 


Input Voltage - High Logic State 


Output Voltage — Low Logic State 
(Iql " 8.0 mA) 

{IOL= 16 mA) 


Output Voltage — High Logic State 
dOH “ —1.0 mA) 


Output Disabled Current 
(VoH = 2.7 V) 

(VoL = 0.4 V) 


Power Supply Current 



Two MPUs SHARING a Common Main-Memory 


ADDRESS AND 
CONTROL BUS 



MC6885.^C6888 


HIGH SPEED 
MAIN MEMORY 


MC6885-MC6888 


MC6885-MC6888 


I ADD. ANOCONT I 

01 


02 

DATA 

MC6800 


ADDRESS AND 
CONTROL BUS 


MOTOROLA Semiconductor Products ino- 
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Adva^xice Ii:ifoi?ma.tlori 


HEX THREE-STATE BUFFER INVERTERS 

This series of devices combines four features usually found 
desirable in bus oriented systems. These features are: 1) — high im¬ 
pedance logic inputs insure that these devices do not seriously 
load the bus, 2) — three-state logic configuration allows buffers not 
being utilized to be effectively removed from the bus, 3) Schottky 
technology allows high-speed operation and 4) High-impedance 
output state maintained during power up/down. 

The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which 
controls all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 provide two Enable inputs — one 
controlling four buffers and the other controlling the remaining 
two buffers. 

The units are well-suited for Address buffers on the M6800 or 
similar microprocessor application. 

• High Speed — 8.0 ns (Typ) 

• Three-State Logic Configuration 

• Single +5 V Power Supply Requirement 

• Compatible with 74S Logic or M6800 Microprocessor Systems 

• High Impedance PNP Inputs Assure Minimal Loading of the Bus 


MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock) 

GND +5 V 02 


OUTPUT EQUIVALENT 
CIRCUIT 



MC6885/MC8T95 

MC6886/MC8T96 

MC6887/MC8T97 

MC6888/MC8T98 

This device may be ordered under 
either of the above type numbers. 


HEX THREE-STATE 
BUFFER/INVERTERS 




Ceramic DIP 


Ceramic DIP 


Ceramic DIP 


Ceramic DIP 


Plastic DIP 


Plastic DIP 


Plastic DIP 


Plastic DIP 


This is advance lnfornr)atlon and specifications are subject to change without notice. 























































MC6885-88/MC8T95-98 


PIN CONNECTIONS AND TRUTH TABLES 


MC6885/MC8T95 


MC6886/MC8T96 


Enable t 
Input A 

Output A 

Input B 

Output B 
Input C 

Output C 



Vcc 

Enable 1 

Enable 2 

Input A 

Input F 

Output A 

Output F 

Input B 

InputE 

Output B 

Output E 

Input C 

Input D 

Output C 

Output D 

Gnd 


Enable 2 Enable 1 

Input 

Output 

L L 

L 

L 

L L 

H 

H 

L H 

X 

z 

H L 

X 

Z 

H H 

X 

2 


MC6887/MC8T97 


Enable 4 

Input A 
Output A 

Input B 

Output B 
Input C 

Output C 

Gnd 



Vcc 

Enable 2 

Input F 
Output F 

input E 
Output E 
Input D 
Output O 


I 2£j 

- 15| Enable 2 

-13 ^ 

J )o- 13] Output F 

- I2I Input E 

Output E 

-- Input D 

FVti Output D 


Enable 2 

Enable 1 

Input 

Output 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

X 

z 

H 

L 

X 

z 

H 

H 

X 

z 


MC6888/MC8T98 


Enable 4 | 1 
InputA 
Output A [ 3 
Input B 0 
Output B I 5 
Input C [ 6 
Output C I 7 

Gnd rr 


16 j Vcc 

■ Enable 2 

■ Input F 

- 1 31 Output F 
- 1 2[ Input E 
Output E 

■ 1o| Input D 

Output D 


Enable 

Input 

Output 

L 

L 

L 

L 

H 

H 

H 

X 

z 


L = Low Logic State 
H = High Logic State 
Z = Third (High Impedance) State 
X = Irrelevant 


Enable 

Input 

Output 

L 

L 

H 

L 

H 

L 

H 

X 

z 


MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 



Rating 

Symbol 

Value 

Power Supply Voltage 

Vcc 

8.0 

Input Voltage 

Vl 

5.5 

Operating Ambient Temperature Range 

Ta 

0 to +75 

Storage Temperature Range 

^stq 

-65 to +150 

Operating Junction Temperature 

Plastic Package 

Ceramic Package 

Tj 

150 

175 



AifOTOf?OLA S^ntSconductot Products Inc. 
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MC6885-88/MC8T95-98 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 0°C <Ta <75°C and 4.75 V < Vcc <5.25 V) 


Characteristic 

Symbol 

Input Voltage — High Logic State 
(Vcc = 4.75 V, Ta = 25°C) 

V|H 

Input Voltage — Low Logic State 
(Vcc = 4-75 V, Ta = 25°C) 

V|L 

Input Current — High Logic State 
(Vcc = 5.25 V, V|H = 2.4 V) 

l|H 

Input Current - Low Logic State 

(Vcc= 5.25 V, V|L = 0.5 V,V| lie) = 0.5 V) 

•iL 

Input Current - High Impedance State 

(Vcc = 5.25 V, V|L(|) = 0.5 V, V|h(E)= 2.0 V) 

'IH(E) 

Output Voltage - High Logic State 
(Vcc = 4.75 V, Iqh = -5.2 mA) 

Vqh 

Output Voltage - Low Logic State 
(Iql ^ 48 mA) 

VOL 

Output Current — High Impedance State 
(Vcc = 5.25V, Vqh = 2.4V) 

(Vcc = 5.25 V,VoL = 0.5 V) 

'oz 

Output Short-Circuit Current 
(Vcc = 5.25 V, Vq = 0) 

(only one output can be shorted at a time) 

•os 

Power Supply Current 

(Vcc = 5.25 V) MC8T95, MC8T97, MC6885, MC6887 

MC8T96, MC8T98, MC6886, MC6888 

•cc 

Input Clamp Voltage 

(Vcc = 4.75 V, l|c =-12 mA) 

V|C 

Output Vcc Clamp Voltage 
(Vcc = 0, IQC “ 12 mA) 

Voc 

Output Gnd Clamp Voltage 

(Vcc = 0>'OC =-12 mA) 

Voc 

Input Voltage 
(l| = 1.0mA) 

V| 




SWITCHING CHARACTERISTICS (Vcc = 5.0 V, " 25°C unless otherwise noted.) 


MC8T95/97 

MC6885/87 


Typ 


Characteristic 

Symbol 

Propagation Delay Time — High to Low State 
(Cl = 50pF) 

(Cl = 250, pF) 

(Cl = 375pF) 

(Cl= 500pF) 

IPHL 

Propagation Delay Time — Low to High State 
(Cl=50pF) 

(Cl = 250pF) 

(Cl = 375pF) 

(Cl = 500pF) 

IPLH 

Transition Time — High to Low State 

N (Cl = 250 pF) 

(Cl = 375pF) 

(Cl = 500pF) 

ITHL 

Transition Time — Low to High State 
(Cl=250pF) 

(Cl = 375pF) 

(Cl = 500pF) 

ITLH 


MC8T96/98 

MC6886/88 



MOTOROLA Semicond/uctor Rrotiucts Inc. ■ 
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MC6885-88/MC8T95-98 


SWITCHING CHARACTERISTICS (Vcc ~ 5-0 V. = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

MC8T95/97 

MC6885/87 

MC8T96/98 

MC6886/88 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Min 

Propagation Delay Time — High State to Third State 
(Cl = 5.0pF) 

tpHZ(E) 

3.0 

- 

10 

3.0 

- 

,10 

ns 

Propagation Delay Time — Low State to Third State 
(Cl = 5.0pF) 

tPLZ(E) 

3.0 


12 

5.0 


16 

ns 

Propagation Delay Time — Third State to High State 
(Cl = 50pF) 

tpZH(E) 

8.0 


25 

7,0 


22 

ns 

Propagation Delay Time — Third State to Low State 
(Cl = 50 pF) 

tPZL(E) 

12 


25 

11 


24 

ns 


FIGURE 1 - TEST CIRCUIT FOR SWITCHING CHARACTERISTICS 


FIGURE 2 - WAVEFORMS FOR PROPAGATION DELAY 
TIMES INPUT TO OUTPUT 



FIGURE 3 - WAVEFORMS FOR PROPAGATION DELAY TIMES - ENABLE TO OUTPUT 



<1.5 V 
3.0 V 


tpZLi 




^1 ^1.5 V 


3.0 V 

Enable 






Enable 
0 - 

Output Vol' 


J\ L 


3.0 V 


tPLZ(E) 



3.0 V 

Enable 


'OH 

Output 


H = High-Logic State, L = Low-Logic State, Z = High Impedance State 

MOTOROLA Semiconductor Products Inc. 

5-248 














































MC6885-88/MC8T95-98 



Row Address From MPU 


Column Address 
From MPU 




THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

o _ Tj(rnax) -T^ 

" ,R0JA(Typ) 

Where: Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) " Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


MOTOFtOLA Semicontiuctor Rroctucts Inc. 
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NON-INVERTING 

QUAD THREE-STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and-20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
MeSOO family or other comparable MPU devices. The maximum 
input current of 200 ^JiA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns maximum 
while the receiver portion runs 17 ns for tp^L and 17 nsfortpL^. 
The MC8T28 is identical to the NE8T28 and it operates from a 
single -t5 V supply. 

• High Impedance Inputs 

• Single Power Supply 

• High Speed Schottky Technology 

• Three-State Drivers and Receivers 

• Compatible with M6800 Family Microprocessor 

• Non-Inverting 



NON-INVERTING 
BUS TRANSCEIVER 


L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 


MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock J 
GNO +5 V 01 02 


PIN CONNEqriONS - MC6889 
MC8T28 



































MAXIMUM RATINGS (T^ ^ 2S^C unless otherwise noted.) 


Rating 


Power Supply Voltage I 


Input Voltage 


Power Dissipation @ = 25"C [ Po 

Derate above 25^C I 


Operating Ambient Temperature Range I 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless Otherwise Noted Specifications Apply 4.75 V < Vqq 5.25 V and O^C T/^ < 75°C) 


Characteristic 


Input Current — Low Logic State 


(Receiver Enable Input, V|l(re) = 0.4 V) 
(Driver Enable Input. V|l(oE) “ 0-^ V) 
(Driver Input, V|l(D) “ 

(Bus (Receiver) Input, V(l(B) " 0.4 V) 




Input Disabled Current ~ Low Logic State 
(Driver Input, Vu_(D) = 0.4 V) 

l|L(D) DIS 

(nput Current-High Logic State 


(Receiver Enable Input, V|h(R£) = 5.25 V) 

l|H(RE) 

(Driver Enable Input, V(f^(Qg) « 5 25 V) 

>IH(D£I 

(Driver Input. V{h(D) “ 5.25 V) 

'lH(D) 

Input Voltage — Low Logic State 


(Receiver Enable Input) 

V|L(RE) 

(Driver Enable Input 

VlL(0£) 

(Driver Input) 

V|L(0) 

(Receiver Input) 

V|L(B) 

'Input Voltage - High Logic State 


(Receiver Enable input) 

V|H(RE) 

(Driver Enable Input) 

V)H(De) 

(Driver Input) 

V|H(D) 

(Receiver Input) 

V|H(B) 

Output Voltage - Low Logic State 


(Bus Driver) Output, IqLIBI “ mA) 

VOL(B) 

(Receiver Output, loL(R) * 20 mA) 

VOLIR) 

Output Voltage — High Logic State 


(Bus (Driver) Output, loH(6) * 

Voh(b) 

(Receiver Output, Iqh(r) = —2.0 mA) 

VOHIB) 

(Receiver Output, Ioh(R} “ — lOOpA, Vcc “ 5 0 V) 


Output Disabled Leakage Current — High Logic State 


(Bus Driver) Output, Voh(8 ) * 2.4 V) 

'OHL(B) 

(Receiver Output, VqhIR) * 2.4 V) 

'OHL(R) 

Output Disabled Leakage Current — Low Logic State 


(Bus Output, VoL(B) “ 0 ® 

'OLL(B) 

(Receiver Output, Vol(R) " 0*5 V) 

'OLL(R) 

Input Clamp Voltage 


(Driver Enable Input 1 |D(c)E) ® — 12 mA) 

VlC(DE) 

(Receiver Enable Input ltc(RE} " ””^2 mA) 

V|C(RE) 

(Driver input l|C(D) “ —12 mA) 

VlC(D) 

Output Short-Circuit Current, Vqc “ 5.25 V '^1 


(Bus (Driver) Output) 

'OS(B) 

(Re(»iver Output) 

'OS(R) 

Power Supply Current 

•cc 

(Vcc= 5.25 V) 




(1) Only one output may be short-circuited at a time. 

SWITCHING CHARACTERISTICS (Unless otherwise noted, Vqq = 5.0 V and T/^ = 25°C) 


Min 


Characteristic 

Symbol 

Propagation Delay Time—Receiver (C|_ = 30 pF) 

»PLH(R) 

*PHL(R) 

Propagation Delay Time—Driver (C|_ = 300 pF) 

IPLHID) 

»PHL(DI 

Propagation Delay Time—Enables (Ci_ = 30 pF) 

1PZL(R) 

IPLZIR) 

{Cl = 300pF) I 

*PZL(D) 

IPLZ(O) 
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ORDERING INFORMATION 



DUAL HIGH-SPEED 
SENSE AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
, CASE 648 
(MC7524 and MC7525 
Only) 


Differential Reference Differential 
Input A Input Inputs 


TRUTH TABLE 


Differential 

Strobe 


Input 

Input 

Output 


H = High Logic State 
L = Low Logic State 
0=Vin<VTH 
1 = Vi„ > Vtui 




























MC7524, MC7525/ MC5524, MC5525 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+7.0 

Vdc 


Vee 

-7.0 

Vdc 

Differential Input Voltages 

^in ot '^ref 

±5.0 

Vdc 

Power Dissipation 

Pd 

575 

mW 

Derate above Ta =+25°C 


3.85 

mW/°C 

Operating Ambient Temperature Range MC5524, MC5525 

Ta 

-55 to+125 

°C 

MC7524, MC7525 


0 to +70 


Storage Temperature Range 

"•^stg 

-55 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vqc = +5.0 V, = - 5.0 V, = T^igh to unless otherwise noted.) 


1 Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Threshold Voltage 

(Vref = 15 mV) MC5524, MC7524 ’ 

MC5525, MC7525 ' 
(Vref = 40 mV) MC5524, MC7524 | 

IVIC5525, MC7525 > 
<Vref=15mV) MC5524 

MC5525 

(Vref = 40 mV) MC5S24 

MC5525 

Ta = 0 to 70°C 

Ta = -55°c to 0°C and 
Ta= 70°C to 125°C 

Ta = -55°C to 0°C and 
Ta= 70®C to I 25 OC 

Ta = -55®C to 0°C and 
Ta = 70°C to 125°C 

Ta = -55°C to 0°C and 
Ta = 7o®c to 125 OC 

Vth 

11 

8.0 

36 

33 

10 

8.0 

35 V 

33 

15 

15 

40 

40 

15 

15 

40 

40 

19 

22 

44 

47 

20 

22 

45 

47 

mV 

Input Common-Mode Firing Voltage 


V|CF 

- 

±3.0 

- 

Volts 

(Vref=20mV,V|H(s) = 5.0V) 







Input Bias Current 


*IB 




pA 

(Vcc = 5-25 V, Vee = -5-25 V, Ta = -55°C to 0°C) MC5524,MC5525 


- 

_ 

100 


(Vcc = 5-25 V, Vee = -5.25 V, Ta = 0°C to 

Thigh) MC7524,MC7525 


- 

30 

75 


Input Offset Current 


•10 

- 

0.5 


pA 

(Vcc = 5.25 V, Vee = -5.25 V) 







Differential Input Impedance 


zid 

- 

2.0 

- 

k ohms 

(f = 1.0 kHz) 







Strobe Input Voltage — High Logic State 

V|H(S) 

2.0 

- , 

- 

Volts 

Strobe Input Voltage - Low Logic State 

V|L(S) 

- 

- 

0.8 

Volt 

Strobe Input Current — Low Logic State 


'ILIS) 

- 

-1.0 

-1.6 

mA 

(V|l(S) = 0.4V) 







Strobe Input Current — High Logic State 


'IH(S) 





(V|H(S) = 2.4V) 



- 

- 

40 

pA 

(V,H(S) = 5.25 V) 



- 

- 

1.0 

mA 

Output Voltage — High Logic State 


Vqh 


3.9 

- 

Volts 

(Vcc = 4.75 V, Vee =-4.75 V, IqH =-400 pA) 






Output Voltage — Low Logic State , 


VoL 

■ - 

0.25 

0.4 

Volt 

(Vcc = 4.75 V, Vee =-4.75 V, IqL = 16 mA) 






Short-Circuit Output Current 


•os 

2.1 

- 

3.5 

mA 

(Vcc = 5.25 V, Vee = -5.25 V) 







Power Supply Currents 






mA 

(Vcc = 5.25 V, Vee = -5.25 V,Ta = 25°C) 


•cc 

- 

25 

40 




'EE 

- 

-15 

-20 



•Thigh = 125°C for MC5524 and MC5525 
Thigh = 70°C for MC7524 and MC7525 
T|ow =-55°C for MC5524 and MC5525 
Tiow = 0°C for MC7524 and MC7525 
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MC7524, MC7525/ IVIC5524, MC5526 


SWITCHING CHARACTERISTICS (V^c = 5.0 V, Vee ° ~5-0 Ta = 25*^0 unless otherwise noted.) 


Characteristic 

Symbol 


Typ 

Max 

■KSSII 

Propagation Delay Time — Differential 





ns 

Input to Output 

tPLH(O) 


15 

40 



tPHLiD) 


40 

- 


Propagation Delay Time — Strobe 





ns 

1 nput to Output 

tPLH(SI 

- 

15 

30 



»PHL(S) 

- 

35 

- 


Differential-Mode Input Overload Recovery Time 

fOR(DM) 

- 

20 

- 

ns 

Common-Mode Input Overload Recovery Time 

fOR(CM) 

- 

20 

- 

ns 

Minimum Cycle Time 

tC(min) 


200 


ns 


PROPAGATION DELAY TIME - PROPAGATION DELAY TIME 

DIFFERENTIAL INPUT to OUTPUT STROBE INPUT to OUTPUT 



Input Pulse Characteristics 
'TLH “ ^THL = IS 
f = 1.0 MHz 


Diff 

Input 



PROPAGATION DELAY TIMES 
TEST CIRCUIT 































ORDERING INFORMATION 


Device Temperature Range 


MC5528L 

MC5529L 

MC7528L 

MC7528P 

MC7529L 

MC7529P 


-55°C to +125°C 
-55°C to +125'’C 
0°C to +70”C 
0°C to +70°C 
OX to +70X 
OX to +70X 


Package 


Ceramic DIP 
Cerarnic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 


MONOLITHIC DUAL SENSE AMPLIFIERS 
WITH PREAMPLIFIER TEST POINTS 

This dual sense amplifier is designed for use with high-speed 
memory systems. Low level pulses originating in the memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 
External preamplifier test points provide for very accurate timing 
of the strobe with the input signal. 

• Adjustable Threshold Voltage Levels 

• High-Speed, Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• High dc Logic Noise Margin 

1.0 Volt typ 

• Good Fan-Out Capability 

• Independent Strobing 

• Separate Logic Outputs 

• Test Points Available for Accurate Strobe Timing 


MC7528 MC5528 
MC7529 MC5529 


DUAL HIGH-SPEED 
SENSE AMPLIFIER 
WITH PREAMPLIFIER 
TEST POINTS 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 





Cexi *v—^ 


—“v —vee 

DIFFERENTIAL 

REFERENCE 

DIFFERENTIAL 

INPUT A 

INPUT 

INPUT 8 


R-255 













IVIC7528, IViC7529, MC5528, MC5529 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 

Symboi 

Value 

Units 

Power Supply Voltagie 

vec 

+7.0 

Vdc 


Vee 

-7.0 

Vdc 

Differential 1 nput Voltages 

Vjn or Vref 

±5.0 

Vdc 

Power Dissipation 

Pd 

575 

mW 

Derate above T/y = +25°C 


3.85 

mW°C 

Operating Temperature Range 

Ta 


°C 

MC5528, MC5529 


-55 to+125 


MC7528, MC7529 


0 to +70 


Storage Temperature Range 

Tstg 

-55 to+150 

°C 


ELECTRICAL CHARACTERISTICS (^CC ~ '•'S O V ±5%, Vge =-5.0V ±5%, T/^ = to Thigh# unless otherwise noted.) 




1 MC5528 0 # 


MC7528 # 




_ 

MC5529 



MC7529 



Characteristic 

Symbol 


mgm 



Typ 


Unit 

Differential Input Threshold Voltage (Vjn5 *= +5.0 V, V|q « 

Vth 







mV 

(Vref = 15 mV. Il = 16 mA, Vq <0-4 V) MC5528,MG7528. 


10 

15 


11 

15 



MC5529,MC7529 


8.0 

- 

■■ 

■a 

- 

- 


(Vref = 40 mV, Il = 16 mA, Vq <0.4 V) MC5528,MC7528 


35 

40 



40 



, MC5529,MC7529 


33 

- - 



- 

- 


(Vref = 15 mV. Il = -400pA, Vq >2.4 V) MC5528,MC7528 



15 

20 


15 

19 


MC5529,MC7529 


- 

“ 

22 

■1 

- 

22 


(Vref = 40 mV. 1L = -400 pA, Vq >2.4 V) MC5528,MC7528 



40 

45 


40 

44 


MC5529,MC7529 


-- 

- 

47 

- 

- 

47 


Differential and Reference Input Bias Current 

<18 







mA 

(V|D = Vref = OV, VinS = +5.25 V, Vs = ±5.25 V) 

- 

30 

100 

- 

30 

75 


Differential Input Offset Current 

l|OD 







pA 

(V| D = Vref = 0 V, Vins = +5.25 V, Vs = ±5.25 V) 

- 

0.5 

- 


0.5 

- 


Input Voltage, Logic "1" 

Vin-r- 







V 

(V|o = 40 mV. Vref = 20 mV, Vjps = 2.0 V, Il = 400 pA, 

Vs = ±4.75 V, Vo>2.4 V) 


2.0 


” ' 

2.0 




Input Voltage, Logic "0" 

'/in"0'' 







V 

(V|D =40 mV, Vref ” 20 mV, Vjns = 0.8 V, Il = 16 mA. 

Vs = ±4.75 V, Vol<0-4 V) 


“ 


0.8 

“ 


0.8 


Input Current, Logic "I" 









(ViD = 0 V, Vref = 20mV, VinS = 2.4 V. Vs = ±5.25 V) MC5528,MC5529 


- 

5.0 

40 


- 

- 

pA 

(V|D = 0 V, Vref = 20 mV, Vms = +5.25 V, IV1C7528,MC7529 

Vs = ±5.25 V) 



“ • 


“ 

0.02 

1.0 

mA 

Input Current, Logic "0" 








mA 

(V|D = 40 mV, Vref = 20 mV, Vjns = 0.4 V, Vs = ±5.25 V) 


- 

-1.0 

-1.6 

- 

-1.0 

-1.6 


Output Voltage, Logic "I" 

Vo"1" 







V 

(V|D = 40 mV, Vref = 20 mV, VjnS = 2.0 V, 1 l =-400pA, Vs = ±4.75 V) ^ 


2.4 

3.9 

- 

2.4 

3.9 

- 


Output Voltage, Logic "0" 

Vo"0" 







V 

(V|D = 40 mV, Vref = 20 mV, V|ns = 0.8 V, Il = 16 mA, Vs = ±4.75 V) 

_ 

. 0.25 

0.40 

— 

0.25 

0.40 


Short-Circuit Output Current 

'osc 







mA 

(V|D = 40 mV, Vref = 20 mV, VjnS = +5.25 V, Vs = ±5.25 V) 

-2.1 

-2.8 

-3.5 

-2.1 

-2.8 

-3.5 


Vcc Supply Current 

•cc 







mA 

(V|D = V|ns = 0 V, Vref = 20 mV, Vs = ±5.25 V) 

- 

29 

40 

_ 

29 

40 


Vee Supply Current 

'EE 







mA 

(V|D = V|nS = 0 V, Vref = 20 mV, Vs = ±5.25 V) 

- 

-13 

-ia 

- 

-13 

-18 



(?) For 0°C <70°C operation, electrical characteristics for MC5528 and # T|ow “ -55°C for W1C5528, MC5529, 0°C for MC7558, MC7529 

MC5529 are guaranteed the same as MC7528 and IVIC7529 respectively. Thigh “ +125°C for MC5528, MC5529; +70°C for MC7528, MC7529 
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Me7528, MC7529, MC5528, MC5529 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 V ±5%, Vee = -5.0 V ±5%, Ta = +25°C unless otherwise noted.) 




MC5S28 

MC5529 

MC7528 

MC7529 


Characteristic 

Symbol 


mm 



Typ 

mjQiiii 

Unit 

AC Common-Mode Input Firing Voltage 
(Vref = 20mV, Vj^s = 5.0 V) 

VCMF 

- 

±2.5 

- 

- 

±2.5 

- 

V 

Propagation Delay Time, Differential Input to Logic "1" Output 
{Vref = 20mV) 

tPLHD 

- 

20 

40 

- 

20 

40 

ns 

Propagation Delay Time, Differential Input to Logic “0" Output 
(Vref = 20mV) 

tPHLD 

- 

28 

- 

- 

28 

- 

ns 

Propagation Delay Time, Strobe Input to Logic ”1" Output 
(Vref = 20 mV) 

tPHLS 

- 

10 

30 

- 

10 

30 

ns 

Propagation Delay Time, Strobe Input to Logic “O" Output 
(Vref = 20 mV) 

fPHLS 

- 

20 

- 

- 

— 

- 

ns ' 

Overload Recovery Time, Differential Input 


- 

10 

- 

- 

10 

- 

ns 

Overload Recovery Time, Common-Mode Input 


- 

5.0 

- 

- 

5.0 

- 

ns 

Minimum Cycle Time 


- 

IBi 

- 

- 

200 

- 

ns 


(2) Positive current is defined as current into the referenced pin. 
(2) Pin 1 to have SlOO pF capacitor connected to ground. 

® Each test point to have <15 pF capacitive load to ground. 
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ORDERING INFORMATION 



DUAL SENSE AMPLIFIERS 
WITH INVERTED OUTPUTS 

This dual sense amplifier is designed for use with high-speed 
memory systems. Low level pulses originating in the memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 
These circuits are identical to the MC7524 except that an additional 
stage has been added to each output gate to provide an inverted 
output. 



MC7534,MC5534 

MC7535,MC5535 


DUAL HIGH-SPEED 
SENSE AMPLIFIER 
WITH 

INVERTED OUTPUTS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




MDTL and MTTL are trademarks of Motorola Inc. 


© MOTOROLA INC.. 1974 
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MC7534, MC7535, MC5534, MC5535 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltage 


Differential Input Voltages 


Power Dissipation 

Derate above T/^ = +25°C 


Operating Ambient Temperature Range 
MC5534, MC5535 
MC7534. MC7535 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (V^c " "'■S O V ±5%, V^^ = -5.0 V ±5%, T/^ = T|q^# to unless otherwise noted.} 



Differential Input Threshold Voltage (Vj^s ® ■‘■5 0 V. VjQ = ±Vj^^) 
(Vf-ef = 15 mV, V|_ = +5.25 V, lt_<250MA} MC55: 


(Vref «-40mV. V^ = +5.25 V, l|_<250/iA} 
(Vref = 15 mV, II = 20 mA. Vq ^<0.4 V) 


IVref = 40 mV. = 200 mA. Vq =<0.4 V) 


MC5534, MC7534 
MC5535, MC7535 
MC5534, MC7534 
MC5535, MC7535 
MC5534, MC7534 
MC5535. MC7535 
MC5534, MC7534 
MC5535, MC7535 


Differential Reference Input Bias Current 
tV|D = Vref = 0 V, VjnS = +5.25 V, Vc = ±5.25 V) 


Differential Input Offset Current 
<V|0 “ Vref = 0 V. Vj^s = +5.25 V. Vs = ±5.25 V) 


Input Voltage. Low Logic State 
{V|o “ 40 mV, Vref " 20 mV. VjnS = 0.8 V, Vl » +5.25 V. 
Vs = ±4.75V. lL=<250/iA) 


Input Voltage. High Logic State 
(Vio 40 mV, Vref = 20 mV. VjnS * 2.0 V. 1^. = 20 mA, 
Vs = ±4.75V, Vo=<0.4V} 


Input Current. Low Logic State 
(VjQ “ 40 mV, Vref * 20 mV. VjnS = 0.4 V. Vs = ±5.25 V) 


Input Current. High Logic State 

(V|o » 0 V. V^ef = 20 mV. VjnS ’ 2.4 V, Vs = ±5.25 V) lViC5534, MC5535 

IVIC7534, MC7535 


Output Voltage, Low Logic State 

(VjQ = 40 mV, Vref ='20 mV. V|nS = 2.0 V, II = 20 mA, Vs =±4.75 V) 


Output Leakage Current 

(V|Q = 40 mV, Vref “ 20 mV. VjnS “ 0.8 V. Vl = 5.25 V. Vs = ±4.75 V) 


Vec Supply Current 

<V| D = Vjr,s = 0 V, Vref = 20 mV, Vs = +5.25 V) 


Vee Supply Current 

<V|D = VjnS = 0 V, Vref = 20 mV, Vg = ±5.25 V) 


@ For 0 °C<Ta^ 70°C operation, electrical characteristics for IVIC5534 and # T|qw = -55°C for MC5534. 

MC5535 are guaranteed the same as MC7534 and MC7535 respectively. Thigh "" +125°C for MC553‘fl 

@ Positive current is defined as current into the referenced pin. 

@ Pin 1 to have >100 pF capacitor connected to ground. 

SWITCHING CHARACTERISTICS ( Vqq = +5.0 V ±5%, Vee “ "5.0 V +5%, T/^ = +25°C unless otherwise noted.) 


AC Common-Mode Input Firing Voltage 
(Vref = 20 mV, VinS = 5.0 V) 


Propagation Delay Time, Differential Input to Logic "1” Output 
(Vref = 20 mV) 


Propagation Delay Time, Differential Input to Logic "0” Output 
(Vref = 20 mV) 


Propagation Delay Time, Strobe Input to Logic "1" Output 
(Vref = 20 mV) 


Propagation Delay Time. Strobe Input to Logic "O” Output 
(Vref = 20 mV) 


Overload Recovery Time, Differential Input 


Overload Recovery Time, Common-Mode Input 


Minirnum Cycle Time 


# T|ow -55°C for MC5534. MC5535, 0°C for MC7534, MC7535 
Thigh = +125°C for MC5534, MC5535, +70“C for MC7534, MC7535 



USSBHI 

jKBQHI 


MOTOROLA SemicontJuctor Products Inc. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC5538L 

-ss-c to -i-125‘’C 

Ceramic DIP 

MC5539L 

-55°C to -f125“C 

Ceramic DIP 

IVIC7538L 

O'C to -F70°C 

Ceramic DIP 

MC7538P 

0°Cto ■f70''C 

Plastic DIP 

MC7539L 

0°C to +70'’C . 

Ceramic DIP 

MC7539P 

0°C to -f 70'’C 

Plastic DIP 


MC7538, MC5538 
MC7539, MC5539 


DUAL SENSE AMPLIFIERS 
WITH PREAMPLIFIER TEST POINTS 
AND INVERTED OUTPUTS 

This dual sense amplifier js designed for use with high-speed 
memory systems. Low level pulses originating in the memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 
These devices are identical to MC5528/IVIC7528 with the exception 
of the inverted outputs. 

• Adjustable Threshold Voltage Levels 

• High-Speed, Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• High dc Logic Noise Margin 

1.0 Volt typ 

• Good Fan-Out Capability 

• Independent Strobing 

• Separate Logic Outputs 

• Test Points Available for Strobe Timing 

• Inverted Outputs to Accomodate Wired-OR Outputs of 

Several Sense Amplifiers 














MC7538, IVIC7539, MC5538, MC5539 


MAXIMUM RATINGS (T/\ =,+25°G unless otherwise noted. ) 


Rating 


rower Supply Voltage 


Oifferential Input Voltages 


Power Dissipation 

Derate above T/^ = +25°C 


Operating Ambient Temperature Range 
MC5538, MC5539 
MC7538, MC7539 


Storage Temperature Range 



electrical character ISTICS I Vqc - +5.0 V ±5%, Vee = “5.0 V ±5%, T/^ = TiQyy# to T^jgt,# unless otherwise noted.) 


Characteristic 


Differential Input Threshold Voltage (VjnS = +5 0 V, V|q = + V,h) 

(Vref= 15mV, Vl = +5.25V, Il<250hA) MC5538, MC7538 

MC5539, MC7539 

(Vref = 40 mV, Vl = +5.25 V, Il< 250mA) MC5538, MC7538 

MC5539, MC7539 

(Vref = 15 niV, II = 120 mA, Vl<0.4 V) MC5538, MC7538 

MC5539, MC7539 

(Vref = 40mV, Il =+20mA, Vl<0.4 V) MC5538, MC7538 

((/IC5539, IVIC7539 


Differential and Reference Input 8ias Current 
(V| D = Vref “ 0 V, Vins = +5.25 V, Vs = ±5.25 VI 


Differential Input Offset Currerft 
(V|D = Vref = O V, VinS =+5-25 V, Vs = ±5.25 VI 


Input Voltage, High Logip State 
(V| 0 = 40 mV, Vref ” 20 mV, VjnS = +2.0 V, I [_ = io mA; 
Vs“±4.75V, Vl<0.4V1 


Input Voltage, Low Logic State 
(V|D = 40 mV, Vref = 20 mV, Vj^s = +0.8 V, Vl = +5.25 V, 
Vs =±4.75 V, Il<250pA) 


Input Current, High Logic State 

(V(o = 0 V, Vref = 20 mV, Vjns = 2.4 V, Vs = ±5.25 VI MC5538, MC5539 
(V|0 = 0 V, Vref = 20 mV, Vjns “ '^5.25 V, MC7538, MC7539 



Input Current, Low Logic State 
(V|D = 40 mV, Vref " 20 mV, VjnS = 0-4 V, Vs = +5.25 V) 

'IL 



-1.6 

Hil 

-1.0 

-1.6 

mA 

Output Voltage, Low Logic State 

(V|Q = 40 mV, Vref = 20 mV, Vj^s - 2.0 V, II = 20 mA, =±4.75 V) 

Vqh 


0.25 

0.40 


0.25 

0.40 

V 

Vcc Supply Current 

(V|D = VinS = 0 V, Vref = 20 mV, Vs = ±5.25 V) 

‘cc 


28 

38 


28 

38 

mA 

VgE Supply Current 

(ViD = VjnS-=0 V, Vs = ±5.25 V) 

'EE 


-13 

-18 

- 

-13 

-18 

mA 


(T) For 0°C<T/^^70°C operation, electrical characteristics for IVIC5538 and # T|ow “ -55°C for MC5538, MC5539; 0°C for MC7538, IVIC7539 

MC5539 are guaranteed the same as MC7538 and MC7539 respectivefy. Thigh = +125°C for MCS538, MC5539; +70°C for MC7538, MC7539 

SWITCHING CHARACTERISTICS “ +5 0 V ±5%, = -5.0 V ±5%, T/v = +25°C unless otherwise noted.) 


Characteristic < 

Symbol 

MC5538 

UC5539 

MC7538 

MC7539 

Unit 


129 



mmm 

AC Common-Mode Input Firing Voltage 
(Vref = 20 mV, VjnS = 5.0 V) 

VcMF 


±2.5 



±2.5 


V 

Propagation Delay Time, Differential Input to Logic "1" Output 
(Vref = 20 mV) 

tPLHD 


24 

_ 

_ 

24 


m 

Propagation Delay Time, Differential Input to Logic "0" Output 
(Vref = 20 mV) 

fPHLD 


28 

40 


20 

40 

im 

Propagation Delay Time, Strobe Input to Logic "1" Output 

(VrBf = 20mV) 

fPHLS 


16 

_ 

_ 

16 


ns 

Propagation Delay Time, Strobe Input to Logic "0" Output 
(Vref = 20 mV) 

tPHLS 


10 

30 

_ 

10 

30 

ns 

Overload Recovery Time, Differential Input ■ 

_!SD_ 

- 

10 

- 

- 

10 

- 

ns 

Overload Recovery Time. Common-Mode Input 


- 


- 

- 


- 

ns 

Minimum Cycle Time 

tfmin) 

- 

m 

- 

■B9 



ns 


@ Positive current is defined as current into the referenced pin. , @ Pin 1 to have SlOO pF capacitor connected to ground. 

Each test point to have <15 pF capacitive load to ground. 

.—MOTOROLA Semiconductor Products Inc 
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DUAL LINE DRIVERS 


DUAL LINE DRIVERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC8T13 and MC8T23 are designed to drive transmission 
lines with impedances of 50 Q, to 500 ^2. The MC8T23 specifically 
meets all of the input/output requirements of the IBM System 
360/System 370 specifications (IBM Specification GA 22-6974-0). 


• High Output Drive Capability - 

lO =-75 mA (fi/lin) @ Vo = 2.4 V - MC8T13 
lO = -59.3 mA (Min) @ Vq = 3.11 V - MC8I23 

• High Speed Operation — 

fPLH IPHL = 20 ns (Max) with 50 Q, Load 

• MTTL and MDTL Compatible Inputs 

• Uncommitted Emitter Output Structures Permit Party-Line 

Operation 

• Designed to Operate with MC8T14 or MC8T24 Line Receivers 

• Outputs are Short-Circuit Protected 

• Equivalent to SN75121 and SN75123 Respectively. 





L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



PSUFFIX 

PLASTIC PACKAGE 
CASE 648 
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MC8T13, MC8T23 


MAXIMUM RATINGS (Ta “ +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

7.0 

Vdc 

Input Voltage 

V| 

5.5 

Vdc 

Output Voltage 

Vo 

7.0 

Vdc 

Power Dissipation @ Ta = +25°C 

Pd 

1000 

mW 

Derate above 25°C 


6.7 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +75 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted. 4.75 V <Vcc <5.25 V and 0°C <Ta <75°C) 


Characteristics 

Symbol 

MC8T13 

MC8T23 1 

Unit 



^^9 


EH 


Input Voltage — Low Logic State 

V|L 

- 

- 

Bl 

- 

- 

KB 

V 

Input Voltage — High Logic State 

V|H 


- 

- 


- 

- 

V 

Input Current — Low Logic State 
(V|L= 0.4 V) 

l|L 

-0.1 

■ 

-1.6 

-0.1 

- 

-1.6 

mA 

Input Current — High Logic State 
(Vih = 4.5V) 

(V|H= 5.5 V, Vcc= 5.0 V) 

l|H1 

_ 


40 

_ 

_ 

40 

pA 

'lH2 

- 

- 

■a 

- 

- 

■a 

mom 

Input Clamp Voltage 

(l| =-12 mA, Vcc= 5.0 V) 

V| (clamp) 

■ 

■ 

-1.5 

■ 

■ 

-1.5 

V 

Output Voltage — High Logic State 
(V|H= 2.0 V, loH =-75 mA) 

(Vcc = 5.0 V, V( H = 2.0 V, Iqh = -59-3 mA) 

(Ta = 26°C) 

VOHI 

H 

■ 

■ 

■ 

■ 

- 

V 

V0H2 

_ 

_ 

_ 

1^1 

H 

_ 

V 

Output Current - High Logic State 

(V|H = 4.5 V, Vcc = 5.0 V, Vq = 2.0 V, Ta = 25°C) 

'OH 

-100 

- 

-250 

-100 


-250 

mA 

Output Current — Low Logic State 
(V| L = 0.8 V,Vo = 0.4 V) 

(V|L= 0.8 V,Vo = 0.15 V) 

•OLI 


• _ 

-800 

— 

_ 

_ 

pA 

'OL2 

- 

- 

- 

- 

- 

-240 


Output Reverse Leakage Current — Low Logic State 
(V|l=0V,Vo = 3.0V) 

(V|L ^0 V,-Vo = 3.0 V, Vcc = 0 V) 


_ 

_ 

80 

_ 

_ 

— 

mA 

'OR2 

- 

- 

500 

- 

- 

mm 


Output Short-Circuit Current 

(V|H = 4.5 V, Vcc = 5.0 V, Vq = 0 V, Ta = 25°C) 

‘OS 

- 

- 

-30 

■ 

■ 

-30 

mA 

Power Supply Currents 
do = 0 mA) 

Outputs — Low Logic State, V1L = 0.8 V 

Outputs — High Logic State, V|n = 2.0 V 


■ 

■ 

60 

■ 

■ 

60 

mA 

•CCH 


- 

mm 


- 


immu 


SWITCHING CHARACTERISTICS (Vqc 5.0 V, Ta = 25°C unless otherwise noted.) Figure 1 




IVIC8T13 

1 MC8T23 1 


Characteristic 

Symbol 


BBSI 


CSQ3I 

B9 


Unit 

Propagation Delay Time — Low to High Level Output 

tPLH 

■ 


B 

B 



ns 

(Rl= 37n,CL= 15pF) 



11 

m 

B 

- 



(Rl= 37n,CL= 1000 pF) 


B 

22 



- 



(Rl= 50n,CL= 15pF) 


B 

- 

B 

B 

12 

20 


(Rl= 50n,CL= 100pF) 


B 

- 

B 

B 

20 

35 


Propagation Delay Time — High to Low Level Output 

tPHL 

B 



B 

B 

B 

ns 

(Rl= 37n,CL= 15pF) 



8.0 

20 

B 


B 


(RL= 37n,CL= 1000 pF) 


B 

20 

50 

B 

B 



(R|_= 50n,CL= 15pF) 


B 

- 

- 

B 

B 

20 


(Rl= 50n, Cl= lOOpF) 


B 

- 

- 

B 

B 

25 





















































































































MC8T13, MC8T23 


FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 




FIGURE 2 - REPRESENTATIVE SCHEMATIC DIAGRAM 
(1/2 Shown) 



FIGURE 3 - TYPICAL OUTPUT CURRENT 
versus OUTPUT VOLTAGE 







TRIPLE LINE RECEIVERS WITH HYSTERESIS 


. . . specifically designed to meet the input/output specifications for 
IBM 360/370 Systems (IBM specification GA 22-6974-0). Each 
receiver incorporates hysteresis to provide high noise immunity and 
also high input impedance to minimize loading on the related driver. 


• Each Channel Can Be Independently Strobed 

• High Speed — tpLH = tpHL ~ 20 ns 

• Input Gating Provided on Each Line 

• Operates on a Single -i-5.0 V Power Supply 

• Fully Compatible with MTTL or MDTL Logic Systems 

• Input Hysteresis Results in High Noise Immunity 


TRIPLE LINE RECEIVERS 
WITH HYSTERESIS 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MC8T14,IVIC8T24 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

7.0 

Vdc 

Receiver Input Voltage 

V|(R) 

7.0 

Vdc 

<Vnc = 0) 


6.0 


Strobe or Gate Input Voltage 

V|(S)or(G) 

5.5 

Vdc 

Output Voltage 

Vo 

7.0 

Vdc 

Output Current 

>0 

±100 

mA 

Power Dissipation (Package Limitation) 

Pd 



Ceramic Package 


1000 

mW 

Derate above 25°C 


6.7 

mW/°C 

Plastic Package 


830 

mW 

Derate above 25°C 


6.7 

mW/°C 

Junction Temperature 

Tj 



Ceramic Package 


175 


Plastic Package 


150 


Operating Ambient Temperature Range 

Ta 

0 to +75 

°C 

Storage Temperature Range 

'''«9 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.7S < Vcc < 5.25 V and 0°C < Ta < 75°C) 


Characteristic 

Symbol 

MC8T14 

MC8T24 1 






ESSI 


Gate or Strobe Input Voltage - High Logic State 

V|H(G)or (S) 


- 



- 


B 

Gate or Strobe Input Voltage - Low Logic State 

V|L(G)or (S) 

- 

- 

KOI 

- 

- 

HIQQII 

B 

Receiver Input Voltage — High Logic State 

V|H(R) 

WEB 

- 


DB 

- 

lEI 

BEB 

Receiver Input Voltage - Low Logic State 

V|L(R) 

- 

- 

IgQI 

- 

- 

EB 

TOM 

Receiver Input Hysteresis (1) 

Vh(R) 



- 


0.4 

B 

B 

(Vcc = 5.0 V, Ta = 25°C, V|l(G) = 0, V|H(S) = 4.5 V) 


m 

B 


B 


B 

B 

Input Clamp Voltage 

V|C(G) or (S) 

a 

B 

1.5 

B 

B 

B 

V 

(Vcc= 5.0 V,Ta= 25°C, l| = -12 mA) (Strobe or Gate Inputs) 


■ 

B 


B 

Bi 

B 


Input Breakdown Voltage 

V|(G)or (S) 


H 

- 


- 

- 

V 

(Vcc = 5.0 V, l| = 10 mA) (Strobe or Gate Inputs) 


HI 

B 


B 




Receiver Input Current — High Logic State 

I|H(R) 


B 


B 

B 


mA 

(V|h(r) = 3.8V) 


- 

B 

0.17 

B 

B 

- 


<V|H(R) = 3.11 V) 


- 


- 

B 


0.17 


(V,h(R) = 7.0V)i 


- 

B 

- 

B 


5.0 


(V|h(R) = 6.0 V, Vcc = 0V) 


- 

B 

- 

B 

IB 

5.0 


Gate or Strobe Input Current — High Logic State 

'IH(G) or (S) 

■1 



B 

B 


pA 

(V,h(s) = 4.5V,V,h(R) = 3.11 V) 


H 

B 

40 


B 

40 


(V|h(G) = 4.5V) 


B 

B 

40 

B 

B 

40 


Gate or Strobe Input Current — Low Logic State 

'IL(G) or (S) 

Bn 

- 

-1.6 

Era 

- 



(V|l(G) or (S) = 0.4 V, V|l(R) = OV) 


B 



B 


B 

B 

Output Voltage — High Logic State 

VOH 



B 


B 

B 

V 

(V|H(R) = 2.0 V, V|H(S) = 2.0 V, V|l(G) = 0.8 V, Iqh = -800pA) 


2.6 

3.5 


- 

B 

B 


<V|h(R) = 0.8 V, ViL(s) = 0.8 V, V|l(G) = 0.8 V> Iqh = -800pA) 


2.6 

3.5 

B 

- 




(V,h(R) = 1.7 V, V,h(S) = 2.0 V, V,l(G) = 0.8 V, Iqh = -800pA) 


- 

- 

B 

2.6 

BI 

B 


(V|H(R) = 0.7 V, V|L(S) = 0.8 V, V|l(G) "" Q.8 V, Iqh = -800pA) 


- 

- 

B 

2.6 

B 

Bi 


Output Voltage — Low Logic State 

VOL 

■ 

B 


B 

B 

B 

B' 

<V|l(R) = 0.8 V, ViH(s) = 2.0 V, V|l(G) = 0.8 V, loL= ^6 mA) 


B 

B 

0.4 

B 


B 

Bi 

(V,l(R) = 0.8V,V|l(S) = 0.8V,V|h(G)= 2.0V,Iol= 16mA) 


B 

B 

0.4 

B 

B 



<V|L(R) = 0.7 V, V|H{S) = 2.0 V, V|l(G) = 0.8 V, Iql = 16 mA) 


B 

B 

- 

B 

B 

0.4 

B 

<V|l(R) = 0.7 V, V|i_(s) = 0.8 V, V|h(G) = 2.0 V, Iql = 16 mA) 


B 

B 

- 

B 

B 

0.4 

B 

Output Short-Circuit Current (2) 

•os 


B 



B 

mil 

mA 

(V,h(R) = 3.8 V, Vm(G) = 0 V, V|L(S) = 0, Vcc = 5.0 V,>A = 25°C) 


-50 


-100 

- 

B 

■■ 


(v,h(r) = 3.11 V, vil(g) = 0 V, V|L(S) = 0 V, Vcc = s.o V, Ta = 2500 


- 

B 

- 

-50 

B 



Power Supply Current 

•cc 

B 

60 

72 

B 

El 

B 

IBOi 

(Vcc = 5.25 V, Ta = 25°C) 


B 



B 

B 

B 

B 


ID The Input Hysteresis is defined as the difference the input voltage at which the output begins to go from the high logic state to the low logic 
state and the input voltage which causes the output to begin to go from the low logic state to the high logic state. 

(2) Only one output may be shorted at a time. 
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MC8T14,MC8T24 


SWITCHING CHARACTERISTICS (V^c “ 5.0 V, = 25°C unless otherwise noted.) 




MC8T14, MC8T24 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time — Receiver Input to High Logic State Output 

tPLH(R) 

- 

20 

30 

ns 

Propagation Delay Time Receiver Input to Low Logic State Output 

<PHL(R) 

- 

20 

30 

ns 

Propagation Delay Time Strol;:ie Input to High Logic State Output 

tPLH(S) 

- 

- 

- 

ns 

Propagation Delay Time Strobe Input to Low Logic State Output 

*PHL(S) 


- 


ns 

Propagation Delay Time Gate Input to High Logic State Output 

»PLH(G) 

- 

- 

- 

ns 

Propagation Delay Time Gate Input to Low Logic State Output 

*PHL(G) 

- 

- 

- 

ns 


FIGURE 1 - RECEIVER PROPAGATION DELAY TIMES tp|,H(R) and IpHL(R) TEST CIRCUIT AND WAVEFORMS 


To Scope To Scope 



FIGURE 2 - GATE AND STROBE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 


To Scope 



strobe 

Input 1 

0 V-' 

Gate 

Input 

^ n \/ 

-1.5 V ^ 

^1.5 V 

'PHL(S)-► 

h- . — 

r 



Outp ut 


Vqh ■ 
Vql 


V1.5V 1,5 V+ \l-5 v /r^ 


*PHL(G) 


Input Pulse Width = 200 ns 
Duty Cycle » 50 ns 
tTLH “ 'THL < 5.0 nS 
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Vo, OUTPUT VOLTAGE (VOLTS) 


MC8T14,MC8T24 


FIGURE 3 - TYPICAL RECEIVER HYSTERESIS 

CHARACTERISTIC FIGURE 4 - HYSTERESIS TEST CIRCUIT 


5.0 

4.0 

3.0 

2.0 

1.0 

0 

0 0.5 0.7 1.0 1.5 1.7 2.0 2.5 

V|, INPUT VOLTAGE (VOLTS) 


-WORST-CAS 

SPECIFIED 

"THRESHOLC 

LIMITS 






ta^ 

— 

25<>C 

5.0 V 

— 






Vcc = 
HYST 


■ 



ERESIS = 


_V2 


VI 


VI 

-V2 


MC8" 

24 



















































































Vcc = 5.0 V 



> 15 

'— 

4 3 

— 

11 14 

— 

15 10 

— 

5 

H- 

6 


12 7 

— 

1 9 


2 „ 13 


8 


Curve Tracer 

Receiver Tektronix 575 or equiv 
Inputs 


0.33 


1.0 

mf 


6si 


Outputs 


REPRESENTATIVE CIRCUIT SCHEMATIC 
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MC55107L 

MC55108L 

MC75107L 

MC75107P 

MC75108L 

MC75108P 


Temperature Range 


-55“C to +125°C 
-55°C to +125°C 
0°C to +70°C 
O^C to +70''C 
0°C to +70°C 
0°C to +70‘’C 


Package 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 


MC75107 MC55107 
MC75108 MC55108 


DUAL LINE RECEIVERS 

The MC55107/MC75107 and MC55108/MC75108 are MTTL cor^ipatible dual 
line receivers featuring independent channels with common voltage supply and 
ground terminals. The l\/!C55107/l\/IC75107 circuit features an active pull-up 
(totem-pole) output. The IVIC55108/IVIC75108 circuit features an open-collector 
output configuration that permits the Wired-OR logic connection with similar 
outputs (such as the W1C5401/MC7401 MTTl; gate or additional MC55108/ 
MC75108 receivers). Thus a level of logic is implemented without extra delay. 

The MC55107/I\/IC75107 and MC55108/MC75108 circuits are designed to 
detect input signals of greater than 25 millivolts amplitude and convert the po¬ 
larity of the signal into appropriate MTTL compatible output logic levels. 

• High Common-Mode Rejection Ratio 

• High Input Impedance 

• High Input Sensitivity 

• Differential Input Common-Mode Voltage Range of +3.0 V 

• Differential Input Common-Mode Voltage of More Than +15 V 

Using External Attenuatoj- 

• Strobe Inputs for Receiver Selection 

• Gate Inputs for Logic Versatility 

• MTTL or MDTL Drive Capability 

• High DC Noise Margins 



DUAL LINE RECEIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 


(MC75107 MC75108 only) 


4 k < 1.6 kS 0.12 kc 


♦-T 

1^ '■* OUTPUT 
4 k ^ f—O 1 Y 



1.6 k <0.12 k 


ppllcable to the MC55107 and MC75107 only. 





































MAXliyiUM RATINGS (Ta = Tiow* » Thigh* unless otherwise noted) 


Rating 


Power Supply Voltages 


Differential-Mode Input Signal Voltage Range 


Common-Mode Input Voltage Range 


Strobe Input Voltage 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual-|n-Line Packages 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 
MC55107, MC55108 
MC75107. MC75108 


Storage Temperature Range 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltages 


Output Sink Current 


Differential-Mode Input Voltage Range 


Common-Mode Input Voltage Range 


Input Voltage Range, any differential input to ground 


Operating Temperature Range 


DEFINITIONS OF INPUT LOGIC LEVELS 


Characteristic 


High-Level Input Voltage (between differential inputs) 


Low-Level Input Voltage (between differential inputs) 


High-Level Input Voltage (at strobe inputs) 


Low-Level Input Voltage (at strobe inputs) 



Symbol 


V|DH 


V|DL 


V|H(S) 


V|L(S) 


tThe algebraic convention, where the most positive limit is designated maximum, is used with Low-Level Input Voltage Level ( V|qi_) 



ELECTRICAL CHARACTERISTICS (Ta = T|ow" to Thigh" unless otherwise noted) 


Characteristic 

Symbol 

High-Level Input Current to 1A or 2A Input 
(Vcc = Max, Vee = Max. V|o = 0.5 V. Vic =-3.0 V 
to + 3.0 V) t 

l|H 

Low-Level Input Current to 1A or 2A Input 
(Vcc = Max, Yee = Max, V(o = -2.0 V, V|c = -3.0 V 
to -t3.0 V) t 

l|L 

High-Level Input Current to 1G or 2G Input 
(Vcc = Max, Vee = Max, V|H(S) - 2.4 V)t 
(Vcc == Max, Vee = Max, V|h(S) = Vcc Max)t 

'iH 

Low-Level Input Current to 1G or 2G Input 
(Vcc - Max, Vee - Max, V|l(s| “ 0.4 V)t 

l|L 

High-Level Input Current to S Input 
(Vcc - Max, Vee ^ Max, V|h(s) = 2.4 V)t 
(Vcc = Max, Vee = Max, V|h(S) = Vcc Max)t 

•iH 

Low-Level Input Current to S Input 

(Vcc “ Max, Vee = Max, V|L(S) = 0.4 Vlj 

'IL 

High-Level Output Voltage 
(Vcc = Min, Vee = Min, l|oad = -400 mA, 

Vtc = -3.0Vto+3.0V)t 

Vqh 

Low-Level Output Voltage 
(Vcc Min, Vee = Min, Ijink = 16 mA 

V|c = -3.0Vto+3.0V)}; 

VOL 

High-Level Leakage Current 
(Vcc ' Min, Vee ” Min, Vqh = Vcc Max)t 

•CEX 

Short-Circuit Output Current § § 

(Vcc ■ Max, Vee “ Maxf:); 

>osc 

High Logic Level Supply Current from Vcc 
(Vcc ' Max, Vee “ Max, Vjq = 25 mV, Ta = •'•25°C) t 

•CCH 

High Logic Level Supply Current from Vee 
( Vcc “ Max, Vee = Max, V|d = 25 mV, Ta = +25®C)1: 

lEEH 


Test Fig. 




MC55107,MC751071 MC55108,MC75108 


KfiiBillyQSUKi£9 mSfiQQbimjSS 



]: For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device type. 
#AII typical values are at Vcc = +5.0 V, Vee =-5-0 V, Ta = +25°C. 

# #Not more than one output should be shorted at a time. 

'T|ow“ 65°C for MC56107 and MCSS108, Thigh = +125°C for MC55107 and MCSSIOS 
= 0 for MC7S107 and MC7S108 =+70®C for MC75107 and MC75108 
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MC75107, MC55107, MC75108, MC55108 


SWITCHING CHARACTERISTICS (Vcc +5.0 v, Vee - -5.0 V. Ta - +25°C) 


Test Fig. 


Characteristic 

Symbol 

Propagation Delay Time, low-to-high level from 
differential inputs A and B to output 
(RL = 390n, Cu = 50 pF) 

(RL = 390n, Cl= 15 pF) 

tPLH(D) 

Propagation Delay Time, high-to-low level from 
differential inputs A and B to output 
(Rl = 390 n, Cl = 50pF) 

(RL = 390n, Ci.= 15pF) 

tPHL(D) 

Propagation Delay Time, low-to-high level, from strobe 
input G or S to output 
(RL = 390n, Cl= 50pF) 

(RL = 390n, Cl= 15pF) 

tPLH(S) 

Propagation Delay Time, high-to-low level, from strobe 
input G or S to output 
(RL = 390n, Cl = 50pF) 

(RL=390f2, Cl = 15pF) 

tpHL(S) 


MCSSia7,MC751071 MC55108,MC75108 





TEST CIRCUITS 


FIGURE 1 — ViQEl and V|ol 


FIGURE 2 — l|E| and I|l 

Vcc 2G S1G Vee 


OPEN 



Vcc Vee 


NOTE: When testing one channel, the inputs of 
the other channel are grounded. 


NOTE: Each pair of differential inputs is tested 
separately. The inputs of the other pair 
are grounded 


see _ 

rest 

able 2G 


FIGURE 3 - V|H(S). V|L(S). VqH- Vql. 'OH 


TEST TABLE 


I M Ii f 

IHQBSH 


NOTES: 1. V|c = -3.0 V to+3.0 V. 

2. When testing one channel, the inputs of the other channel 
should be grounded. 

































































































TEST CIRCUITS (continued) 

FIGURE 7 - PROPAGATION DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 




NOTES: 1. The pulse generators have the following characteristics: Zq = 50 t^ - tf = 10 + 5 ns, tp-j - 500 ns, PRR = 1 MHz 
tp2 = 1 nns, PRR - 500 kHz. 

2. Strobe input pulse is applied to Strobe 1G when inputs 1A-1B are being tested, to Strobe S when Inputs 1A-1B or 2A*2B 
are being tested, and to Strobe 2G when inputs 2A'26 are being tested. 

3. C(_ includes probe and jig capacitance. 

4. All diodes are 1N916 or equivalent. 

TYPICAL APPLICATION 


FIGURE 8 - MOS-TO-TTL TRANSLATOR 


+ 5 V 



TRANSLATED 
DATA OUT 










1 



INHIBIT 

INPUT 

OUTPUTS OUTPUTS 

^CC 1Y 12 VgE O 22 2Y 

rTirTUTTirnl^^ 




TRUTH TABLE 


LOGIC' 

INPUTS 

INHIBITOR 

INPUTS 

OUTPUTS 


LorH LorH L 

L or H L or H L or H 
L L or H H 


Low output represents the "on" state. 
High output represents the "off" state. 



1A IB 1C 2C 2A 2B GNO 
LOGIC INHIBIT LOGIC 
INPUTS INPUTS INPUTS 



























MC75110 


MAXIMUM RATINGS (T/^ = 0 to +70°C unless otherwise noted.) 


Ratings 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc 

+7.0 

Volts 

(See Note 1) 

Vee 

-7.0 


Logic and Inhibitor Input Voltages 

Vin 

5.5 

Volts 

(See Note 1) 




Common-Mode Output Voltage Range 

vqcr 

-5.0 to +12 

Volts 

(See Note 1) 




Power Dissipation (Package Limitation) 

Pd 



Plastic and Ceramic Dual In-Line Packages 


1000 

mW 

Derate above T/i^ = +25°C 


3.85 

mW/°C 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

^stg 


oc 

Ceramic Dual In-Line Package 

-65 to +150 


Plastic Dual In-Line Package 


-65 to +150 



RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2.) 


Characteristic 

Symbol 

Min 

Nom 

Max 

Unit 

Power Supply Voltages 

Vcc 

+4.75 

, +5.0 

+5.25 

Volts 


vee 

-4.75 

-5.0 

-5.25 


Common-Mode Output Voltage Range 

VOCR 




Volts 

Positive 


0 

. - 

+ 10 


Negative 


0 

- 

-3.0 



Note 1. These voltage values are in respect to the ground terminal. 

Note 2. When using only one channel of the line drivers, the other channel should be 
inhibited and/or its outputs grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* 


Characteristic 

Symbol 

Test Fig. 

Min 

Max 

Unit 

High-Level Input Voltage (atany input) 

V(H 

1.2 

2.0 

5.5 

Volts 

Low-Level Input Voltage (at any input) 

V|L 

1,2 

0 

0.8 

Volts 


* The algebraic convention, where the most positive limit is designated maximum, is used with 
Logic Level Input Voltage Levels only. 
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MC75110 


ELECTRICAL CHARACTERISTICS (T/^ = 0 to +70°C unless otherwise noted.) 


Characteristic # # 

Symbol 

Test Fig. 

MC75110 

Unit 

Min 

Typ # 

Max 

High-Level Input Current to 1A, IB, 2A or 2B 

(|Hl 

1 





(Vcc ^ Max, VgE = Max, Vm^^ = 2.4 VJ^ 



- 

- 

40 

HA 

(Vcc - Max, Vee - Max, V|H|^ = Vqc Max) 



- 

- 

1.0 

mA 

Low-Level Input Current to 1A, IB, 2A or 2B 

•ill 

1 




mA 

(Vcc = Max, Vee - Max, V| = 0.4 V) 



- 

- 

-3.0 


High-Level Input Current into 1C or 2C 

■lH| 

2 





(Vcc = Max, Vee = Max, V|H| = 2.4 V) 



- 

- 

40 

mA 

(Vcc - Max, Vee “ Max, V|H| = Vcc Max) 



- 

- 

10 

mA 

Low-Level Input Current into 1C or 2C 

'IL| 

2 




mA 

(Vcc - Max, Vee = Max,V|L| = 0.4 V) 



- 

- 

-3.0 


High-Level Input Current into D 

l|H| 

2 





(Vcc - Max, Vee - Max, V|H| = 2.4 V) 



- 

- 

80 

mA 

(Vcc “ Max, Vee - Max, V| H| = Vcc Max) 



- 

- 

2.0 

mA 

Low-Level Input Current into D 

•lL| 

2 




mA 

(Vcc “ Max, VgE = Max, V| L| = 0*4 V) 



- 

- 

-6.0 


Output Current ("on" state) 

'O(on) 

3 




mA 

(Vcc = Max, Vee = Max) 



- 

12 

15 


(Vcc ° Min, Vee = Min) 



6.5 

- 

- 


Output Current ("off" state) 

'O(off) 

3 




mA 

(Vcc ” Min, Vee “ Min) 





100 


Supply Current from Vcc (with driver enabled) 

'CC(on) 

4 



‘ 

mA 

(V|Ll = 0.4 V, V|H| =2.0 V) 



- 

28 

35 


Supply Current from Vee (with driver enabled) 

'EE(on) 

4 




mA 

(V|Ll = 0.4 V, V|H| =2.0 V) 



- 

-41 

-50 


Supply Current from Vcc Mth driver inhibited) 

lcc(off) 

4 




mA 

(V|Ll = 0.4 V, V|L, =0.4 V) 



- 

21 

- 


Supply Current from Vee (with driver inhibited) 

'EE (off) 

4 




mA 

(ViLl " ° ''i(-i " 



- 

-17 

- 



#AII typical values are at Vqc = +5.0 V, = -5.0 V. 

##For conditions shown as Min or Max, use the appropriate value specified under recommended 
operating conditions for the applicable device type. 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Vee = -5.0 V, Ta = +25°C.) 


Characteristic 

Symbol 

Test Fig. 

Min 

Typ 

Max 

Unit 

Propagation Delay Time from Logic Input A or B to 


5 




ns 

Output Y or Z (Rl = 50 ohms. Cl = 40 pF) 

tPLHL 


_ 

9.0 

15 



tPHLL 


- 

9.0 

15 


Propagation Delay Time from Inhibitor Input C or D 


5 ^ 




ns 

, to Output Y or Z (Rl = 50 ohms. Cl = 40 pF) 

tPLH| 


_ 

16 

25 



tPHL| 


- 

13 

25 
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MC75110 


TEST CIRCUITS 

FIGURE 1 - V|H, V|L, l|H,andl|L 



TEST AT ANY 

LOGIC INPUT 

LOGIC INPUTS 
NOT UNDER TEST 

ALL INHIBITOR 

INPUTS 

OUTPUT 

1Yor2Y 

OUTPUT 

IZor 2Z 

< 

I 

r 

Open 

V|H, 

H 

(See Note 1) 

L 

(See Note 1) 

< 

r 

r 

Vcc 

V|H, 

l 

(See Note 1) 

H 

(See Note 1) 

'ihl 

4.5 V 

V|H, 

Gnd 

Gnd 

•ill 

Gnd 

V,H, 

Gnd 

Gnd 


NOTES: 1. Low output represents the "on" state, high output represents the "off" state. 

2. Each input is tested separately. 

3. Arrows indicate actual direction of current flow. 

FIGURE 2-V,h,V,l.I|H.I|L 


Vcc 



2Z 1_ _l 


y OUTPUTS 


TEST AT ANY 
INHIBITOR INPUT 

ALL LOGIC 
INPUTS 

INHIBITOR INPUTS 
NOT UNDER TEST 

OUTPUT 

1Y or 2Y 

OUTPUT 

IZor 2Z 

V|H| 

VlHu 

Open 

H(See Note 1) 

. L(Sae Note 1) 


Open 

L(See Note 1) 

H(See Note 1) 

V,L| 

Vihl 

Vcc 

H(See Note 1) 

H (See Note 1) 

V|Ll 

Vcc 

H(SeeNote1) 

H(See Note 1) 

'IH, 

Gnd 

4.5 V 

Gnd 

Gnd 

l|L, 

Gnd 

Gnd 

Gnd 

Gnd 
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MC75110 


TEST CIRCUITS (continued) 

FIGURE 3- lo(on) 'OCoff) 


Vcc ''ee 



TEST TABLE 


TEST 

Ground all output pins 
not under test. 

LOGIC INPUTS 

INHIBITOR INPUTS 

1Aor2A 

IB or 2B 

1C or 2C 

D 


at output 

1Y or 2Y 

V|L 

V|L 

■ 


'O(on) 

V|L 

V|H 

V,H 

VlH 

V|H 

ViL 



'O(on) 

at output 

1Z or 22 

V|H 

V|H 

VlH 

V|H 

'o(off) 

at output 

1Y or 2Y 

VlH 

V|H 

V|H 

V|H 


at output 

1Z or 2Z 

V|L 

V|L 



'O(off) 

V|L 

V|H 

V|H 

V|H 


V|H 

V)L 




at output 

lY, 2Y, 1Z, or 2Z 

Either 

state 

Either 

state 

V|L 

V|L 

'O(off) 

V|L 

V|H 


V|H 

V|L 


FIGURE 4 - Ice and <EE 


Vec '^EE 



TEST 

ALL LOGIC 
INPUTS 

ALL INHIBITOR 
INPUTS 

Icclon) 

Driver enabled 

V|L 

V,H 

'EE(on) 

Driver enabled 

V|L 

V|H 


Driver inhibited 

V|L 

V|L 

Iee<°”) 

Driver inhibited 

V|L 

V|L 
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Pin 7 is ground. 







ORDERING INFORMATION 


Device Temperature Range 


MC75140P1 0°C to +70°C 


Package 


Plastic DIP 


MC75140 


DUAL LINE RECEIVER 

The MC75140P1 is a dual line receiver with common Strobe and 
Reference inputs. The Reference voltage is externally applied. This 
voltage may range from 1.5 to 3.5 volts, thus allowing for adjust¬ 
ment of maximum noise immunity in a given system design. The 
MC75140P1 is intended for use as a single-ended receiver in MTTL 
systems. Use in a party-line (bus-organized) system is aided by the 
low input current of the receiver. 

• Single -t-5.0-Volts Power Supply 

• ±100-mV Sensitivity 

• Low Input Current 

• MTTL Compatible Outputs 

• Adjustable Reference Voltage 

• Common Output Strobe 



TYPICAL APPLICATION 

HIGH FAN-OUT FROM A STANDARD MTTL GATE 


STROBE INPUT 





MC75140P1 

MC76I40P) 


DUAL 

LINE RECEIVER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 




OUTPUT STROBE LINE GND 
1 INPUT INPUT 1 




*Most MC5400/MC7400 devices are capable of maintaining 
a 2.4-voit level under loads up to 7.5 mA. 


FUNCTION TABLE 


LINE INPUT STROBE OUTPUT 


Vref - TOO mV | L | H 


Vref + 100 mV 


Positive Logic 

H = High Level, L = Low Level, 
X = Nonsignificant 


I 






























MC75140 


MAXIMUM RATINGS (T/^ = 0 to +70®C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

7.0 

Volts 

Reference Voltage 

^ref 

5.5 

Volts 

Line Input Voltage (with respect to Ground) 

V„L) 

-2.0 to +5.5 

Volts 

Line Input Voltage (with respect to V^gf) 

V|(L)-Vref 

±5.0 

Volts 

Strobe Input Voltage 

V|(S) 

5.5 

Volts 

Power Dissipation (Package Limitation) 

Pd 



Plastic Dual In-Line Package 


830 

m\N‘ 

Derate above = +25°C 


6.6 

mW/°C 

Operating Temperature Range (Ambient) 

Ta 

0 to +70 

°C 

Storage Temperature Range 

^stg 


°c 


RECOMMENDED OPERATING CONDITIONS 


Rating 

Symbol 

Min 

Nom 

Max 

Unit 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

Volts 

Reference Voltage Range 

Vref R 

1.5 

- 

3.5 

Volts 

Input Voltage Range (Line or Strobe) 

V|R 

0 

- 

5.5 

Volts 

Operating Ambient Temperature Range 

Ta 

0 

- 

+70 

°C 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V±10%, V^ef = 1.5 to 3.5 V,Ta 

= 0 to +70°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ* 

Max 

Unit 

High-Level Line Input Voltage 

V|H(L) 

Vref + 100 

- 

- 

mV 

Low-Level Line Input Voltage 

V|L(L) 

- 

- 

< 

o 

o 

mV 

High-Level Strobe Input Voltage 

V|H(S) 

2.0 

- 

- 

Volts 

Low-Level Strobe Input Voltage 

V|L(S). 

- 

- 

0.8 

Volt 

High-Level Output Voltage 

VOH 




Volts 

V|L(L) = Vref - 100 mV, V|l(s) = 0.8 V, Iqh = -400 pA 


2.4 

- 

- 


Low-Level Output Voltage 

VOL 


____ 


Volt 

V|H(L) = Vref + 100 mV, V|i.(s) = 0.8 V, Iql = 16 mA 


- 


0.4 


V|L(L) = Vref - 100 mV, V|h(s) = 2.0 V, Iql = 16 mA 


- 


0.4 


Strobe Input Clamp Voltage 

V|(S) 




Volts 

l|(S) = -12mA 


- 

- 

-1.5 


Strobe Input Current (at max Input Voltage) 

'I(S) 




mA 

V|(s) = 5.5 V 


- 

. - 

2.0 


High-Level Input Currents 





pA 

Strobe (V|(s) = 2.4 Y) 

l|H(S) 

- 

- 

80 


Line(V|(L) = Vcc, Vref = 1.5 V) 

'IH(L) 

- 

35 

100 


Reference (Vref = 3.5 V, V|(l) = 1.5 V) 

'lH(ref) 

- 

70 

200 


Low-Level Input Currents 






Strobe (V|{s) = 0.4 V) 

l|L(S) 

- 


-3.2 

mA 

Line (V|(L) = 0 V, Vref = 1.5 V). 

'IL(L) 

- 


-10 

pA 

Reference (Vref “ 0 V, V|(l) = 1.5 V) 

*1 L(ref) 

- 

IHIH 

-20 

pA 

Short-Circuit Output Current** 

'os 




mA 

Vcc = 5.5 V 


-18 

- 

-55 


Supply Current (output high) 

'CCH 




mA 

V,(s) = 0 V, V|(L) = Vref-IOOmV 


- 

18 

30 


Supply Current (output low) 

'CCL 




mA 

V|(s) = 0V,V|(L) = Vref+ 100 mV 


- 

2Q 

35 


SWITCHING CHARACTERlSTICS(Vcc = 5.0 V, Vref = 2.5 V, Cl = 

15pF.RL = 

400 n, Ta = +25°C unless otherwise noted.) 

See Figure 1. 






Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time (low-to-high level output from Line input) 

tPLH(L) 

- 

22 

35 

ns 

Propagation Delay Time (high-to-low level output from Line input) 

IPHL(L) 

- 

22 

30 

ns 

Propagation Delay Time (low-to-high level output from Strobe input) 

1PLH(S) 

- 

12 

22 

ns 

Propagation Delay Time (high-to-low level output from Strobe Input) 

1PHL(S) 

. - 

8.0 

15 

ns 


*AII typical values are at Vqq = 5.0 V, = +25°C. 
"Only one output should be shorted at a time. 
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MC75140 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 



Note: Input pulsetaretupplied by generators having the following 
characteristics; PRR - 1.0 MHz, duty cycle < 50%. Zq « 50it. 




FIGURE 2 - OUTPUT VOLTAGE versus 
LINE INPUT VOLTAGE 










- 1 









Vc 

:»5.o 

/ 








Vref=2.6V 
. Vin(S)»0V _ 








_ 

^ = +25t 

C 









, 


























































0 1.0 2.0 3.0 4.0 5.0 

VinlU, LINE INPUT VOLTAGE (VOLTS) 


FIGURE 3- SCHMITT TRIGGER 



o 

> 


FIGURE 4 - TRANSFER CHARACTERISTIC^fOR 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.6 

Vin, INPUT VOLTAGE (VOLTS) 
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MC55325F 

MC55325L 

MC75325F 

MC75325L 

MC75325P 


Temperature Range 


-SS^C to +125“C 
-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Package 


Ceramic Flat 
Ceramic DIP 
Ceramic Flat 
Ceramic DIP 
Plastic DIP 


MC75325 

MC55325 


Specifications and Applications 
Information 


DUAL MEMORY DRIVER 

The MC55325/75325 is a monolithic integrated circuit memory 
driver with logic inputs, and is designed for use with magnetic 
memories. 

The device contains two 600-mA source-switch pairs and two 
600-mA sink-switch pairs. Source selection is determined by one of 
two logic inputs, and source turn-on is determined by the source 
strobe. Likewise, sink selection is determined by one of two logic 
inputs, and sink turn-on is determined by the sink strobe. With this 
arrangement selection of one of the four switches provides turn-on 
with minimum time skew of the output current rise. 

• 600-mA Output Capability 

• Fast Switching Times 

• Input Clamp Diodes 

• Dual Sink and Dual Source Outputs 

• MDTL and MTTL Compatibility 

• 24-Volt Output Capability 


DUAL MEMORY DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



TYPICAL APPLICATION 



Simplified Core Selection 
Matrix - (See Figure 11 for Details 


F SUFFIX 

CERAMIC PACKAGE 
CASE 650 


P SUFFIX 

PLASTIC PACKAGE 
CASE 648 
.(MC75 325 only) 

























MC75325, MC55325 


MAXIMUM RATINGS (T/\ » 25° unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage (Note 1) 

vcci 

7.0 

Vdc 


Vcc2 

25 

Vdc 

Input Voltage 

V| 

5.5 

Vdc 

Power Dissipation (Package Limitation) 

Pd 

■■i 


Ceramic and Plastic Packages 



W 

Derate above T/\ = +25°C 



mW/°C 

Operating Ambient Temperature Range 

Ta 


°C 

IVIC55325 


-55 to +125 


MC75325 


0 to +70 


Storage Temperature Range 

^stg 

-65 to +150 

°C 


Note 1. Voltage values are with respect to the network ground terminal. 


TRUTH TABLE 


ADDRESS INPUTS 


STROBE INPUTS 


SOURCE SINK 
A SCO 


SOURCE SINK 


SOURCE I SINK 
Y Z 


H 

X 

X 

X 



XL H On 

XL H 0« 

H H L Off 

L H L Off 

X H H Off 

H X X Off 


Off 

On 

Off 

Off 

Off 

Off 


Off 

Off 

On 

Off 

Off 

Off 


H « high level, L » low level, X » irrelevant 

NOTE: Not more than one output is to be on 
at any one time. 


ELECTRICAL CHARACTERISTICS = T|Qyy to T^igh unless otherwise noted^^h 




1 MC55325 

MC75325 


Characteristic 

Symbol 


Typ(2 

Max 

iT!R 

Typ(2 

1 Max 

Unit 

Input Voltage — High Logic State 

PM 

Wil 

- 

- 



- 

V 

Input Voltage - Low Logic State 

V|L 

- 

- 

rrm 


- 

ESI 

V 

Input Clamp Voltage 

V| 

- 

-1.3 

B 

H 

-1.3 

-1.7 

V 

(Vcci = 4.5 V, Vcc2 = 24 V, 1 ( = -10 mA, T^ = 25°C) 




B 

B 




Output Current — Off State 

'off 

■ 

■1 


■ 

wm 


aA 

(Vcci = 4.5 V, Vcc2 = 24 V) Ta = Ttow to Thigh 


■ 


500 

B 


200 


Ta = 25OC 


B 


150 

B 

EEI 

200 


Output Voltage — High Logic State 

VOH 

B 

23 

- 

B 

23 

- 

V 

(Vcci = 4.5 V, VcC2 = 24 V, iQ ' 0) 


B 



B 




Saturation Voltage*^) 

'^sat 







V 

Source Outputs 









(Vcci = 4.5 V, Vcc2 = 15 V, Ijource * -600 mA, Rl = 24 ohms. 









Note 4) Ta = T|oyy to Thigh 


- 

- 

0.9 

- 

- 

0.9 


Ta = 25°C 


- 

0.43 

0.7 

- 

0.43 

0.75 


Sink Outputs 









1 Vcci “ 4.5 V, VcC2 = 15 V, Isjpk « 600 mA, Rl = 24 ohms. 









Note 4) Ta = T|ow to Thigh 


- 

- 

0.9 

- 

- 

0.9 


Ta = 25°C 


- 

0.43 

0.7 

- 

0.43 

0.75 


input Current at Maximum Input Voltage 

l| 

■ 

BBjl 


■ 



mA 

(Vcci = 5.5 V, Vcc2 = 24 V, V| = 5.5 V) 


B 







Address Inputs 


B 


1.0 

B 


1.0 


Strobe Inputs 


B 

HI|Bh 

2.0 

B 

H 

2.0 


Input Current — High Logic State 

l|H 

B 



B 


— 

(lA 

(Vcci = 5.5 V, VcC2 = 24 V, V| = 2.4 V) 


B 



B 




Address Inputs 


B 

3.0 

40 


3.0 

40 


Strobe Inputs 


B 

6.0 

80 

B 

6.0 

80 


Input Current — Low Logic State 

■nm 




■ 



mA 

(Vcci = 5.5 V, Vcc2 = 24 V, V| = 0.4 V) 

HjlB 

B 



B 




Address Inputs 


B 

-1.0 

-1.6 

B 

-1.0 

-1.6 


Strobe Inputs 

■1 

B 


-3.2 

B 


-3.2 


Supply Current — Output Condition Off 

'CC(off 




B 



mA 

(Vcci = 5.5 V, VcC2 ” 24 V, Ta = 250C) 





B 




From Vcci 



14 

22 

B 

14 

22 


From Vcc2 


- 

7.5 

20 

Bi 

7.5 

20 


Supply Current from Vcci - Either Sink "On" . 

'cci 

- 

65 

mm 

mm 

65 

70 

mA 

(Vcci “ 5.6 V, Vcc2 * 24 V, l^ink “ 50 mA, Ta - 2S°C) 




m 

B 




Supply Current from Vcc2f Either Source "On" 

'CC2 

- 

32 


B 

32 

50 

mA 

(Vcci - 5.6 V, VcC2 " 24 V, Source = “60 mA, Ta = 25°C) 




B 

B 





(1) T|ow - -6S°C for MCBB326, 0°C for MC7532e 
Thtgh =for MC55326,+70OC for MC75325 

(2) All typical values are at “ 26°C 

(3) Not more then one output is to be "on" at any one time, 

(4) Saturation voltage must be measured using pulse techniques; Pulse Width = 200 us, Duty Cycle < 2% 
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IV1C75325, MC55325 


SWITCHING CHARACTERISTICS (Vcci = 5.0 V, Cl = 25 pF, Ta = 25°C) 


Symbol 


Characteristics 

Propagation Delay Time to Source Collectors 

(Vcc 2 = 15 V, R L = 24 ohms) 

Low-to-High Level 
High-to-Low Level 

Transition Time 


{Vcc2 = 20 V, R L = 1 k ohms) 

Low-to-High Level 
High-to-Low Level 

Propagation Delay Time to Sink Outputs 

(VcC2 = 15 V, Rl = 24 ohnris) 

Low-to-High Level 
High-to-Low Level 

Transition Time 


{VcC2 = 15 V, R L = 24 ohms) 

Low-to-High Level Output 
High-to-Low Level Output 

Storage Time to Sink Outputs 


(Vf;r .9 = 15V, R| = 24 ohms) 



MC55325/MC75325 



FIGURE 1 - SWITCHING TIMES TO SOURCE COLLECTORS AND SINK OUTPUTS 


^PHL- 

3.0 V-1 

Input 1.5 V- 


Input Pulse Characteristics: 

Zq = 500, Pulse Width = 200 ns, 

^TLH “ *THL ^ D'Jty Cycle < 1% 


FIGURE 2 - PROPAGATION TIME TO 
SOURCE COLLECTORS 


Vcc2 = +15 V 


To Scope 
(Output) 


FIGURE 3 - PROPAGATION TIME, 
TRANSITION TIME AND STORAGE TIME 
TO SINK OUTPUTS 


VcC2 = + 15 V « 



=+5.0 V I Cl Includes Probe 

and Jig Capacitance 
Source W Shown Under Test 


■'Jl M 

-- V,~r.i =+5.0 V Rint 


^ VqcI = +5.0 V Rint 

Sink Y Shown Under Test 


To Scope 
(Output) 

1 ♦ 


Cl Includes Probe 
and Jig Capacitance 


FIGURE 4 - SWITCHING TIMES ON SOURCE OUTPUTS (See Figure 5) 
3.0 V . v y - 

Q W , • \ i f — I » ■ / 

Input Pulse Chj 

'^OH--90%i|=->t90% = O 


Input Pulse Characteristics: 
txHL “ ^TLH ^ ■'0 ns. Duty Cycle < 11 
90’S Pulse Width = 200 ns 

^10% 


C OQT 




































MC75325, MC55325 


FIGURE 5 - TRANSITION TIME ON SOURCE OUTPUTS 


To Scope 
(Input) 




Pulse 

Generator 



To Source 
(Output) 


C|_ Includes 
Probe and Jig 
Capacitance 


Source W Shown Under Test 


TYPICAL PERFORMANCE CURVES 


FIGURE 6 - SOURCE COLLECTOR CURRENT 
(Off-State) versus AMBIENT TEMPERATURE 






^B 

^B 


^B 

— 

B 

B 

B 

— 

— 

— 

— 

B 


-8U -40 -20 0 20 40 60 80 100 120 140 

Ta, AMBIENT TEMPERATURE (“0 


FIGURE 7 - SINK OUTPUT VOLTAGE-HIGH STATE Vqh 
versus AMBIENT TEMPERATURE 































1 









Vcci =4-5 

V 


VCC2 = 24 V 








J_ 












> -/s -3u u 20 au /o luu 

Ta, AMBIENT TEMPERATURE (OC) 


FIGURE 8 - SOURCE OR SINK SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 



FIGURE 9 - SOURCE OR SINK SATURATION VOLTAGE 
versus SOURCE OR SINK CURRENT 


Vcci = A.5 V 
VCC2 = 15 V 



Ta, AMBIENT TEMPERATURE (“O 


Is, SOURCE OR SINK CURRENT (mA) 


































MC75325, MC55325 


APPLICATIONS INFORMATION 
BASE DRIVE RESISTOR 


An internal 575 resistor connected between the 
VcC2 3nd the Rjnt terminals is provided in the MC55325/ 
75325 to supply sufficient base drive for source currents 
to 375 mA at Vcc2 of 15 Volts or 600 mA at VcC2 of 
24 Volts. Connecting the R node to the Rjnt node 
selects this internal resistor. If source currents greater 
than 375 mA are required, the Rjnt node should be left 
open and an appropriate resistor connected between 
Vqc 2 and the R node. This method allows source base 
drive currents regulated to typically within + 5%. This 
has an added advantage of removing the power dissipated 
in the resistor from the 1C package, allowing the device to 
source greater currents at a given junction temperature. 

The value of the required external resistor in a parti¬ 
cular memory application may be computed using the 
following equation: 

16(VcC2min-VS-2.2) 


Rp 


1 1 _ - 1.6 (VcC2 min" Vs-2.9) 


( 1 ) 


Where: Rext = 

Vs = the source output voltage referred to 
ground. 

I|_ = mA. 

During the load current pulse the power dissipated in 
the resistor, Rgxt is 

Pa - 'l(VCC 2 min-Vs-2) 

^Rext~ 16 


( 2 ) 


Where: PRg^f = mW. 

The source collector current Iqs is approximately 94% 
of total load current, 1 l. The remaining current flows in 
the base of the source transistor through the external 
resistor Rgxt O'' source gate. See Figure 10 for added 
details. 


An internal pull-up resistor in parallel with a clamping 
diode to VcC2 is provided at each sind-output collector to 
protect against voltage surges generated by switching re¬ 
duction loads. 


FIGURE 10 - TYPICAL CIRCUIT USED 
FOR Rext calculation 


VcC2 



Vs 




SELECTION MATRIX 


The combination of current source and sink pairs 
within the MC75325 is often utilized to implement a 
selection matrix for core memory systems. A typical, 
simplified system is shown in Figure 11. 

The selection of any particular line (line 7, for ex¬ 
ample) is made by activating a particular, unique combin¬ 
ation of two source/sink pairs. For an example, with 
the Mode Select input high and B1 low, current source X 
of #1 MC75325 will be activated. This selects lines 4-7. 
When input C4 goes low, on #4 MC75325, current will 


flow through line 7 from source X (of device #1) to sink 
Y of device #4. 

Changing the logic state of device #1 to input D1 
low, device #4 to input A4 low, and applying a low to 
the Mode Select input, reverses the direction of the current 
in line 7 with the #1 MC75325 sinking the current and 
the #4 device sourcing it. 

Drive line inductance and capacitance only limits the 
number of drive lines a source/sink pair can drive and thus 
the size of a matrix possible. 
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FIGURE 11 - TYPICAL 
APPLICATION - CORE MEMORY 
SELECTION MATRIX 


Mode . 
Select 




































MC75365 


Specifica^tions and Applications 
Information 


QUAD MOS CLOCK DRIVER 


QUAD MOS CLOCK DRIVER 
OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


The MC75365 is intended for driving the highly capacitive Ad¬ 
dress, Control and Timing inputs on a variety of MOS RAMs such as 
the “1103" and "7001" types. It is designed to operate from the 
MTTL 5.0 V power supply and the Vss and Vbb power supplies 
used with the memories in most applications. Operation is re¬ 
commended at VcC3 — VcC2 + 3 V, but the part is useable over a 
wide latitude of supply voltages. VcC2 oiay be tied directly to 
VqC3 io many conditions. 

• Pin Compatible with Intel 3207 and Interchangeable with T. I. 

SN75365 

• MTTL and MDTL Compatible, Diode-Clamped Inputs 

• Two Common Enable Inputs per Gate Pair 

• Low Standby Power Consumption Transient 

• Capable of Driving High Capacitive Loads 

• Fast Switching Operation 


TYPICAL APPLICATION 
with "7001" Type 1 K RAM 


Woo ''CC3< 


Chip "7001" Type I 

Select NMOS f—O-( 

'-O- RAM 

(MCM7001) 




I I Enabt« I 

Vsxp OVss OGna 




PIN CONNECTION 

s 

1 




16 

VCC2[^ 




nvcci 

2 




15 

Output a| 

^ [ 

] r 

1*- 

1 Output D 

3 


J L 

jf 

14 

Input 1 a| 

_1 


1_ 

1 Input D 

4 




13 

Input 2AB1” 

— 


-- 

”1 Input 3CD 

5 




12 

Input 3AB| 

—„ 


—— 

I Input 2CO 

6 




11 

Input IbI 

—1 


1— 

I Input 1C 

7 

(11 


11, 

10 

Output bP" 

“1 1 

J [ 

J r 

~~| Output C 

8 

T 


T 

9 

Gnd 

1_1 


1_1 

_JVcc3 



TRUTH TABLE 





Where; 

H = High Logic State 
L “ Low Logic State 
I I » irrelevant 
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MAXIMUM RATINGS = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcci 

-0.5 to 7.0 

, V 


VcC2 

-0.5 to 25 



VcC3 

-0.5 to 30 


Input Voltage 

V| 

5.5 

V 

Input Differential Voltage (see Note 1) 

V|D 

5.5 

V 

Power Dissipation (Package Limitation) 




Ceramic Package @ = 25°C 

Pd 

1000 

mW 

Derate above T/\ = 25°C 

i/RejA 

6.6 

mW/°C 

Plastic Package @ T/\ = 25°C 

Po 

830 

mW 

Derate above = 25°C 

i/ReJA 

6.6 

mW/°C 

Ceramic Package (§) Tq =. 25°C 

Pd 

3.0 

Watts 

Derate above Tq = 25°C 

1/^0JC 

20 

mW/°C 

Plastic Package (§> Tq = 25°C 

Pd 

1.8 

Watts 

Derate above Tq = 25°C 

1 /R0JC 

14 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to 70 

°C 

Junction Temperature 

Tj 


°C 

Ceramic Package 


175 


Plastic Package 


150 


Storage Temperature Range 

^stg 

-65 to +150 

°C 


Note 1. This is the differential voltage between any two inputs to any single gate. 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Power Supply Voltages 

vcci 

4.75 

5.0 

5.25 

V 


VCC2 

4.75 

20 

24 



VCC3 

VCC2 

24 

28 


Difference between V’ccs and VcC2 

VCC3-VCC2 

0 

4.0 

10 

V 

Operating Temperature Range 

■Pa , 

0 

- 

70 

°c 
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MC75365 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Vcci = 5.0 V, Vcc2 = 20 V, Vcc3 = 24 V, 

Cl = 200 pF, Rq = 24n, See Figures 1 and 2.) 


Characteristic 

Symbol 

Min 

Typ* 

Max 

Unit 

Input Voltage — High Logic State 

V|H 

2.0 

- 

- ' 

V 

Input Voltage — Low Logic State 

V|L 


- 

0.8 

V 

Input Clamp Voltage 

V|C 

- 

- 

1.5 

V 

(l|C = -12mA) 






Input Current — Maximum Input Voltage 

■iHI 


- 

1.0 

mA 

(V|H = 5.5 V) 






Input Current — High Logic State 

>IH2 




ma 

(V|H (1) =2.4 V) 


- 

- 

40 


(V|h( 2) or Vih(3) = 2.4 V) 


- 

- 

80 


Input Current — Low Logic State 

l|L 




mA 

(V|l(1)=0.4V) 


- 

-1.0 

-1.6 


(V|l( 2) orV|L(3) = 0.4 V) 

^ • 

- 

-2.0 

-3.2 


Output Voltage — High Logic State 





V 

(Vcc3 = VcC2 + 3.0 V, V| L = 0.8 V, Iqh = '100 nA) 


VCC2 -0.3 

VcC2 -0.1 

- 


(VcC3 = Vcc2 + 3.0 V, V|L = 0.8 V, Iqh = -10 mA) 


VCC2-1-2 

VcC2 -0-9 

. . - 


(Vcc3 “ Vcc2- V|L = 0.8 V, Iqh = -50 pA) 


VCC2 -1 0 

VcC2 -0.7 

- 


(Vcc3 = VcC2< '/iL = 0.8 V, Iqh “ -10 mA) 

V0H4 

VcC2 -2-3 

'^CC2 -1 -8 

- 


Output Clamp Voltage 

voc 

- 

- 

Vcc2 +1-5 

V 

(V|L = 0V, loC = 20mA) 






Output Voltage — Low Logic State 





V 

(Vih = 2.0 V, loL=10mA) 

VOLI 

- 


0.3 


(15 V < VcC3 < 28 V, ViH = 2.0 V, Iql = 40 mA) 

VOL2 

- 


0.5 


Power Supply Currents — Outputs High Logic State 





mA 

(Vcci = 5.25 V, Vcc2 = 24 V, Vcc3 = 28 V, 


- . 

4.0 

8.0 


V|L = 0 V, Iqh = 0 mA) 


- 

-2.2 

-3.2/+0.25 



H 

- 

2.2 

3.5 


(Vcci = 5.25 V, Vcc2 = 24 V, Vcc3 = 24 V 


- 

— 

0.25 


V|L = 0 V, Iqh 0 mA) 

ICC3(H) 

- 

- 

0.5 


Power Supply Currents — Output Low Logic State 





mA 

(Vcci = 5.25 V, Vcc 2 = 24 V, Vcc3 = 28 V 

'CCI(L) 

- 

31 

47 


V|H = 5.0 V, Iql - 0 mA) 

<CC2(L) 

- 

- 

2.5 



'CC3(L) 

- 

16 

' 25 


Power Supply Currents — Standby Condition 





mA 

(Vcci = 0 V, Vcc 2 = 24 V, Vcc 3 “ 24 V 

'CC2(S) 

- 

- 

0.25 


V|H = 5.0 V, Iql - 0 mA) 

ICC3(S) 

— 

- 

0.5 



’Typical Values at 25°C, V^CI ~ 5.0 V, ^CC2 “ 20 V and VqcS = 24 V 


SWITCHING CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Vcci = 5.0 V, VcC2 = 20 V, Vccs = 24 V, 

Cl = 200 pF, Rq = 24f2, See Figures 1 and 2.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Propagation Delay Time, Low to High State Output 

tPLH 

10 

31 

48 

ns 

Propagation Delay Time, High to Low State Output 

tPHL 

10 

30 

46 


Delay Time, Low to High State Output 

IDLH 

- 

11 

20 

ns 

Delay Time, High to Low State Output 

iDHL 

- 

10 

18 


Transition Time, Low to High State Output 

ITLH 

' - 

20 

33 

ns 

Transition Time, High to Low State Output 

ITHL 

- 

20 

33 
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VOH- OUTPUT VOLTAGE - HIGH 
LOGIC STATE (VOLTS) 


MC75365 


FIGURE 1 - SWITCHING CHARACTERISTIC TEST CIRCUIT 


FIGURE 2 - SWITCHING CHARACTERISTICS WAVEFORMS 


< 10 ns 


(-«—Tthl ^ 10 *’* 


To Scope 2 4 V 
(Input) o 

1 T 1/4MC7B366 


Pulse / 
Generator V 


To Scope 
(Output) 


I (includes Probe 
200pP;j; and Jig 

■4^ Capacitance) 


•— iDHL 
VcC2 "2.0 V 
\I 2.0 V 


VcC2 -10' 
VcC 2 -1-5 \ 
VcC 2 -2.0' 
VCC2 -2.5' 


■iliN 

ss 

llll■lll 

I 

■iHi 

■mil 

■II 

1 iiMBBaSiiiii 

mm. 

iiiiii 

■II 

■■ 


WM\ 

■mil 

■n 

IIHI 


■mm 


■■ 

■n 


■mini 


HI 

IIHI 


■mini 


III 

■III 


■mil 

_||||||||__|_a 


vci 

Q. C 3 

°° Vci 

X 

o 

^ Vci 
Vci 


iiiiliiii 


!aS!!illll 



III 


Vcci=5.0V 
VCC2 = 20 V 
VCC3 = 24 V 
V|H=2.0V 


namgBMflBimil 
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lOL. OUTPUT CURRENT - LOW LOGIC STATE (mA) 


f, FREQUENCY (MHz) 
































tPLH, PROPAGATION OELAY TIME - LOW <PLH. PROPAGATION DELAY TIME 

TO HIGH STATE OUTPUT (ns) LOW TO HIGH STATE OUTPUT (ns) 


MC75365 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 - PROPAGATION DELAY TIME - 
LOW TO HIGH STATE OUTPUT 
versus AMBIENT TEMPERATURE 


FIGURE 8 - PROPAGATION DELAY TIME - 
, HIGH TO LOW STATE OUTPUT 
versus AMBIENT TEMPERATURE 














Cl 

= 200 

pF 














— Cl 

= 50 

)F_ 







^- 














Vcc 

1 = 5.( 

V V 

;C2 = 

10 V 




VCC3 = 24V KD = 24S2 



0 20 40 60 80 

Ta, ambient TEMPERATURE (<>0 


^=30 

< I- 



FIGURE 9 - PROPAGATION DELAY TIME - 
LOW TO HIGH STATE OUTPUT 
versus MqcI SUPPLY VOLTAGE 


FIGURE 10 - PROPAGATION DELAY TIME - 
HIGH TO LOW STATE OUTPUT 
versus Vcc2 SUPPLY VOLTAGE 



4.0 8.0 12 16 20 24 

VCC2.SUPPLY VOLTAGE (VOLTS) 

FIGURE 11 - PROPAGATION DELAY TIME - 
LOW TO HIGH LOGIC STATE 
versus LOAD CAPACITANCE 



4.0 8.0 12 16 20 24 

VCC2. SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 - PROPAGATION DELAY TIME - 
HIGH TO LOW STATE OUTPUT 
versus LOAD CAPACITANCE 




Cl, load capacitance (pF) Cl, load capacitance (pF) 
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APPLICATIONS SUGGESTIONS 


POWER CONSIDERATIONS 

Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in¬ 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper¬ 
ature is: 

Tj = Ta + Pd (R0JC + R^ca) (1) 

or 

Tj = Ta +Pd (R0JA) (2) 

where 

Tj = junction temperature 
Ta = ambient temperature 
PQ = power dissipation 


R0JC = thermal resistance, junction to case 
R^CA ~ thermal resistance, case to ambient 
R^jA = thermal resistance, junction to ambient. 

Power Dissipation for the MC75365 MOS Clock Driver: 
The power dissipation of the device (Pq) is dependent 
on the following system requirements: frequency of op¬ 
eration, capacitive loading, output voltage swing, and 
duty cycle. The variation of power dissipation with 
frequency and load capacitance for the MC75365 is 
illustrated in Figure 6. The power dissipation, when 
substituted into equation (2), should not yield a junction 
temperature, Tj, greater than Tj(max) at the maximum 
encountered ambient temperature. Tj(max) is speci¬ 
fied for two integrated circuit packages in the maximum 
ratings section of this data sheet. 

With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (1) and (2) and the maximum 
thermal resistance values given in Table 1 shown on 
the following page. 



MC75365 


TABLE 1 - THERMAL CHARACTERISTICS 
OF "L" AND "P" PACKAGES 


PACKAGE TYPE 

RejA<“C/W) 

Still Air 

Rejc <®c/w> 

Still Air 

(Mounted in Socket) 

MAX 

TYP 

MAX 

TYP 

"L" (Ceramic Package) 

150 

100 

50 

27 

“P" (Plastic Package) 

150 

100 

70 

40 


If the power dissipation determined by a given system 
produces a junction temperature in excess of the recom¬ 
mended maximum rating for a given package type, some¬ 
thing must be done to reduce the junction temperature. 

There are two methods of lowering the junction tem¬ 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf¬ 
ficiently to bring Tj to an acceptable value. Secondly, 
the R0CA term can be reduced. Lowering the RflCA 
term can be accomplished by increasing the surface 
area of the package with the addition of a heat sink or by 
blowing air across the package to promote improved 
heat dissipation. 

Heat Sink Considerations: 

Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 13. 


FIGURE 13 - THERMALLOY* HEAT SINKS 



6007A 


•Manufactured by Thermalloy Co. of Texas. 


From Table f, R^jAlmax) for the ceramic package 
with no heat sink and in a still air environment is 
IBQOC/W. 

For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
R0CA for natural convection from Figure 14 is 44°C/W. 
From Table 1 R 0 JG(max) = 50°CAV for the ceramic 
package. Therefore, the new RgJAlmax) with the 
6012B heat sink added becomes; 

R0JA(max) = 50°CM + 440C/W = 94°C/\N. 

Thus the addition of the heat sink has reduced R0JA 
(max) from 150OC/W down to 940C/W. With the heat 
sink, the maximum power dissipation by equation ( 2 ) 
at Ta = +70OC is: 

1750c-70OC 

Pn =--= 1.11 watts. 

-t-940c/W 


This gives approximately a 60% increase in maximum 
power dissipation over the power dissipation which is 
allowable with no heat sink. 


FIGURE 14 - CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION 



0 0.5 t.O 1,5 2.0 

Pd, power dissipated (WATTS) 


Forced Air Considerations: 


As illustrated in Figure 15, forced air can be employed to 
reduce the R0JA term. Note, however, that this curve is 
expressed in terms of typical R0JA rather than maximum 
R0JA- Maximum R^ja can be determined in the fol¬ 
lowing manner: 


From 

Table 1 the following information is known: 



(a) R 0 JA{typ) = 1 OOOC/W 

(b) Rojc(typ) = 270 C/W 


Since; 

R0JA = R0JC + RecA 

(3) 

Then: 

R0ca= R0JA-R^JC 

(4) 


Therefore, in still air 

R0CA<typ) = IOQOC/W - 27°CW = 730 C/W 
From Curve 1 of Figure 14 at 500 LFPM and eq¬ 
uation (4), 

R0CA(typ) = 53 OC/W - 27 OC/W = 260C/W. 

Thus R^CA^typ) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical 
R0CA hy a ratio of 1:2.8. Since the typical value of 
RgCA was reduced by a ratio of 1 : 2 . 8 , RgcA^cnax) of 
100°C/W should also decrease by a ratio of 1 ;2.8. 

This yields an R 0 CA(max) at 500 LFPM of 36°C/\N. 
Therefore, from equation (3): 

R 0 jA(max) = BO^C/W + = 86 OC/W. 

Therefore the maximum allowable power dissipation at 
500 LFPM and Ta = +70°C is from equation (2): 


175OC-70°C 

pd = 


= 1.2 watts. 


86 OC/W 
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FIGURE 15 - TYPICAL thermal RESISTANCE (Raja) OF 
"L" PACKAGE versus AIR VELOCITY 



Heat Sink and Forced Air Combined: 

Some heat sink manufacturers provide data and curves of 
R^CA fo'” still air and forced air such as illustrated in 
Figure 16. For example the 6012B heat sink has an 
R0CA ” 17°C/W at 500 LFPM as noted in Figure 15. 
From equation (3): 

Max RdJA = 50°C/W + 1 7 OC/W = 67 OC/W 
From equation (2) at Ta = +70°C 


pd = 


1750c- 70 OC 

—^--- 1.57 watts. 

67OC/W 


FIGURE 16 - THERMAL RESISTANCE RgCA 
versus AIR VELOCITY 



Given data from Table 1: 

typical R0JA = 100°C/W 
typical R 0 je = 27 OC/W 

From Curve 2 of Figure 15, R^JA^yp) is 750C/W for a 
PC mount and no air flow. Then the typical R^CA I® 
75 OC/W ~ 27°cm = 480C/W. From Table 1 the typical 
value of R0CA for socket mount is 100®CA/V - 27°C/\N 
= 73 OC/W. This shows that the PC board mount results 
in a decrease in typical R0CA hV «• •'atio of 1:1.5 below 
the typical value of RgcA io a socket mount. Therefore, 
the maximum value of socket mount R^CA of 100°C/W 
should also decrease by a ratio of 1 ;1.5 when the device 
is mounted in a PC board, The maximum RflCA 1^®’ 
comes: 

lOQOG/W ' 

RgCA = —-- = 66°CAW for PC board mount 

1.5 

Therefore the maximum R0 ja for a PC mount is from 
equation (3). 

R0JA = 50OC/W + 66 OC/W = II 6 OC/W. 

With maximum R^ja known, the maximum power dis¬ 
sipation can be found. If Ta = 70OC then from 
equation (2) the maximum power dissipation may be 
found to be 905 mW. 

In most cases, heat sink manufacturer's publish only 
R0CA socket mount data. Although data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 15 that an air flow greater 
than 250 LFPM yields a socket mount RgJA approxi¬ 
mately 6% greater than for a PC mount. Therefore,,the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted 
that thermal resistance measurements can vary widely. 
These measurement variations are due to the dependency 
of R0CA of the type environment and measurement 
techniques employed. For example, R^CA ''vould be 
greater for an integrated circuit mounted on a PC board 
with little or no ground plane versus one with a sub¬ 
stantial ground plane. Therefore, if the maximum cal¬ 
culated junction temperature is on the border line of 
being too high for a given system application, then 
thermal resistance measurements should be done on the 
system to be absolutely certain that the maximum 
junction temperature is not exceeded. 


Note from Table 1 and Figure 15 that if the 16-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical RgJA is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure Can be employed to determine 
the maximum power dissipation for this condition. 
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Specifications and Applications 
Information 


DUAL MECL-to-MOS DRIVERS 

The MC75368 and MC75358 are dual MECL-to-MOS driver and 
interface circuits. The devices accept standard MECL 10,000 and 
IBM grounded-reference ECL input signals and create high-current 
and high-voltage output levels suitable for driving MOS circuits. 
Specifically, they may be used to drive address, control, and timing 
inputs for several types of MOS R AMs including high-speed MCM7001 
IK NMOS RAM. The devices may also be used as MECL-to-MTTL 
translators. 

These two devices differ in that the MC75368 is optimized for 
higher voltage capability and the MC75358 version is made to op¬ 
erate at somewhat reduced maximum voltages. 

• Dual MECL-to-MOS Driver 

• Dual MECL-to-MTTL Driver 

• Versatile Interface Circuit for Use Between MECL and High- 

Current, High-Voltage Systems 


FIGURE 1 - TYPICAL APPLICATION WITH MCM7001 IK NMOS RAM 
{See Figure 8 and 9 for details) 



Matrix of 
MCM7001 
IK 

RAMS 





r: 





MC75368 

1 Write Enable 

y 

’ 1 

1__i 


^Data input 

1 Chip Select 

FH 

MC75368 

i--- 



Chip Select 


*MC3461 Dual Sense Amplifier 
to be announced 1st Quarter 1975. 


DUAL MECL-to-MOS 
DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



FUNCTION TABLE 


Input Voltage Conditions 


Differential 

Logic Level 

Output 

(More positive of 

A or B) -C 

A a c 

Y ^ 

(V|o>150mV) 

_i I -1 

I -11 

-III 

B 

(-150 mV < V(o < 

160 mV) 

HH 

Indeter¬ 

minate 


IV|o <-1S0 mV) 


H high logic level, L = low logic level, 
X = irrelevant 
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MC75368,MC75388 


MAXIMUM RATINGS (Unless otherwise noted, voltages nteasured with respect to GND terrhinalis, Ta = 25®C.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

vgci 

-0.5 to 7.0 

Vdc 

MC75368 

Vcc2 


Vdc 

MC75358 




MC75368 

VCC3 

-0.5 to 30 

Vdc 

MC75358 


-0.5 to 24 



Vee 

-8.0 to 0.5 

Vdc 

Most Negative of Vgci. '^CC2< of '^CC3 

- 

“U.b 

Vdc 

respect to Vgg 




Input Voltage 

V| 

-a.U to O.b 

Vdc 

Intar-Input VoltagelU 

IIIHIIimgHHBi 


Vdc 

Most negative Input Voltage with respect to VgE 

< 

< 

m 

m 

:::5T5 

Vdc 

Power Dissipation (Package Limitation) 




Ceramic Package @ Ta ^ 25°C 

Pd 

1000 

mW 

Derate above Ta = 25°C 

1 l^eJA 

6.6 

mW/°C 

Plastic Package @ Ta = 25°C 

Pd 

830 

mW 

Derate above Ta = 25°C 

1/RejA 

6.6 

mW/°C 

Ceramic Package @ Tg = 25°C 

Pd 

3.0 

Watts 

Derate above Tc * 25®C 

i/ReJC 

20 

mW/°C 

Plastic Package @ Tc = 25°C 

Pd 

1.8 

Watts 

Derate above Tc “ 25®C 

1/Rejc 

14 

mW/^C 

Operating Ambient Temperature Range 

Ta 

0 to 70 

°C 

Storage Temperature Range 

^stg 

-6b to 150 

--- 


(1) With respect to any pair of inputs to either of the input gates. 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

MC75358 

MC75368 

Unit 

Min 

1109 

KB 

Min 

WSM 

Max 

Power Supply Voltages 

Vcci 

4.75 

5.0 

5.25 

mmEmm 

5.0 


V 


VcC2 

4.75 

16 

18 


20 


V 


VCC3 

VCC2 

20 

22 

VCC2 

24 

H9 

V 


VCC3-VCC2 

0 

4.0 

10 

0 

4.0 

10 

V 


Vee 

-4.68 

-5.2 

-5.72 

-4.68 

-5.2 

-5.72 

V 

Operating Ambient Temperature Range ~ 

Ta 

0 

- 


0 

- 

70 

mm. 


DEFINITION OF INPUT LOGIC LEVELS 


Input Voltage — High Logic State (Any Input) (1) 

V|H 

-1.5 

- 

msM 

-1.5 

- 

7 O .7 


input Voltage — Low Logic State (Any Input) (11 

V,L 

I^EE 

- 

gQvggg 

Vee 

- 

V|h-150 

■ai 

Input Differential Voltage — Hi^ Logit State f^:) ' 

V|DH 

Tgo 

- 

HHI 

KBI 

- 

- 

mam 

Input Differential Voltage — Low Logic State 121 

V|DL 

-IBt) 

- 

nn 

1 -1501 


— 

mm 


(1) The definition of these Logic Levels use Algebraic System of notation. 

(2) The input differential voltage is measured from the more positive inverting input (A or B) with respect to the non-inverting 
input (C) of the same gate. 




































































MC75368, MC75358 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply over recommended power supply and temperature 

ran^s. Typical values measured at Vcci “ 5.0 V, V/gg = -5.2 V, T/^ « 25°C and VcC2 “ 20, 
Vcc3 = 24 y for MC75368 and Vcc2 ” <6, VcC3 = 20 V for MC75358. 


Characteristic 


Output Voltage - High Logic State 
lVcc3 = Vcc2 + 3.0 V, V|DL = 
-150mV, Iqh = -100pA) 
(Vcc3 = Vcc2 + 3.0 V, V(dl = 
-150 mV, Iqh “ "lO mA) 
(VcC3 = Vcc2' V|DL “ -150 mV, 
•oh = -50 mA) 

(Vcc3 = Vcc2- V|DL = -150 mV, 
InH = -10 mA) 


Output Voltage — Low Logic State 
(V|dH = 150 mV, Iql = 10 mA) 
(Vidh = 150 mV, Iql = 30 mA) 
10 V<VcC3<22V 
10V<Vcc9<28V 


Output Clamp Voltage 

(Vidh = SOO mV, Iqc = 20 mA) 


Input Current — High Logic State 
(Vee =-5.72 V, V|L =-5.72 V, 
V|H = -0.7 V) 


Input Current — Low Logic State 
(V|H =-0.7 V, V|l = -2.0 V) 
(Vee = -5-72 V, V|H = -0.7 V, 
V|L =-5.72 V) 


Power Supply Current — Both Outputs 
High Logic State 
(Vcc = 5.25 V, Vee = -5.72 V, 
V|L(A) and(B)=-2.0 V, 
V|H(C) =-0.7 V, Iqh = 0) 
MC753e8 - Vcc2 = 22 V, 
'^CC3 = 26 V 

MC75358 - Vcc2 = 18 V, 
VcC3 = 22 V 


Power Supply Current — Both Outputs 
Low Logic State 

(Vcci = 5.25 V, Vee = -5.72 V, 
V|H(A) and (B) =-0-7 V, 
VrL(C) =-2 0V, 'OL =0) 
MC75368 - Vcc2 = 22 V, 
VCC3 = 28 V 

MC75358-Vcc2= 18 V, 
VcC3 = 22 V 


Power Supply Current — Both Outputs 
High Logic State 

(Vcci = 5.25 V, Vee = -5-72 V, 
V|L(A) and (b) = -2.0 V, V|H(C) = 
-0.7 V, loL = 0) 

MC75368 - Vcc2 = 22 V, 

VCC3 = 22 V 
MC75358 - Vcc2 = 18 V 

VcC3 = 18 V 


Power Supply Current — Stand By 
Condition 

(Vcci = 0 V, Vee = o v, V|h(a) 
and (B) = -0.7 V, Vil(C) = 
-2.0V, loL = 0) 

MC75368 - Vcc2 = 22 V, 
VcC3 = 22 V 

MC75358 - Vcc2 = 18 V, 
VCC3 = 18 V 
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MC75368, MC75358 


MC78368 




SWITCHING CHARACTERISTICSi (Unless otherwise noted, Vcci “ 5.0 V, N/gg = -5.2 V, = 25°C and Vcc2 = 20 V for 

MC75368 and Mrco = 16 V for MC75358) ' 


I MC75368 

Symbol 


iDLH 


Characteristic 


Delay Time — Low to High Output Logic Level 
<Vcc3 = 24V) 

(Vcc3 = 20V) , 

(Vcc3=16V) . 


Delay Time — High to Low Output Logic Level 
(Vcc3 = 24 V) 

(VcC3“20V) 

(Vcc3=f6V) 


Transition Time, Low-to-High Output Logic Level 
(VcC3 = 24 V) 

(Vcc3 = 20 V) 

(Vcc3 = 16 V) 


Transition Time, High-to-Low Output Logic Level 
(Vcc3 = 24 VI 
(Vcci = 20 V) 

(VccO'ISV) 


Propagation Delay Time, Low-to-High Logic Level 
(VcC3 = 24V) 

(VcC3 = 20 V) 

(Vcc3=16V) 


Propagation Delay Time, High-to-Low Logic Level 
(Vcc3 = 24V) 

(Vcc3 = 20V) 

(VcC 3 = 16 VI 



FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 -SWITCHING TIMES WAVEFORM 


To Scope 

(Input) ^1-3 V _2 0 V 


(J-Lj ^60 
PulseVy 
Generator! I 


The pulse generator has the 
following characteristics: 
PRR = 1 MHz. Zo «50 fi. 
Duty Cycle = 50% 


To Scope (Output) 


M 

M 

c 

c 

7 

7 

3 


5 

6 

8 

8 


(Includes Probe I 
and Jig _L 
Capacitance) ~ 


iTLH 
<5 ns |w- 


tTHL 

I — - " < S ns 

!-_i- 



U-tPHL—J 
tOHUI—H I 


|».tPLH-^ 

I I ! 


VcC2 -3.0 VT~' 


IILH_Voh 
VcC2 -3 0 V 


Output 

(Vcc3 = VcC2> 


I 2.ov.:|^ 
tpHL-»l 


4_j|L2_ov 

I—tPLH—i 


tDHLK- 
Vcc2 -2.0 V- 

Output 

(Vcc3 ® Vcc2 ^ 0 V) 


tTLH VnM 
£-VcC2 -2 0 V 
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MC75368,MC75358 


APPLICATIONS INFORMATION 
MODES OF OPERATION 


FIGURE 4 - POSITIVE-NOR GATE FIGURE 5 - DIFFERENTIAL MECL LINE RECEIVER 

C = A and/or B 

- FUNCTION TABLE 

Y - A + B 


FUNCTION TABLE 


H High Laval, L — Low Laval, X — Irrelavant 
Vbb ~ Refarence Supply voltage for MECL 10,000. 


CONFIGURATION 

INPUTS 

OUTPUT 

Y 

A B C 


U L Vb0 

H 

Cat VgB 

H X Vbb 

L 


X H Vbb 

L 


CONFIGURATION 

1 INPUTS 1 

OUTPUT 

Y 

A 

B 

c 

A and B connected 

H 

H 

L 

L ■ 

together 

L 

L 

H 

H 

A not used but 

l' 

H 

L 

L 

connected low 

L 

L 

H 

H 

B not used but 

H 

L 

L 

L 

connected low 

U 

U 

H 

H 



FIGURE 6 - NON INVERTING GATE 



Y = C 

FUNCTION TABLE 


CONFIGURATION 

INPUTS 

OUTPUT 

Y 

A B C 

A and B at Vbb 

Vbb Vbb l 

L 


Vbb v^b 

H 

A at Vbb- 

Vbb l l 

L . 

B connected low 

Vbb l h 

H 

8 at Vbb. 

L Vbb l 

L 

A connected low 

L Vbb h 

H 


FIGURE 7 - USE OF DAMPING RESISTOR TO REDUCE 
OR ELIMINATE OUTPUT TRANSIENT OVERSHOOT IN 
CERTAIN MC75358 AND MC75368 APPLICATIONS 


1 

1 

1 

-1 
i 

r 

MC75358 

or 

MC7S368 

1 

1 

1 

1 



i 

! ' 


-1- 

1 

1 

1 

1 

1 

j 

1_ 


1 * 
1 

1 

1 

1 

J 


Note: R[3 lOfl to 300 (optional) 


r 


I 


I 

I 

I 

I 

I 

L 


--| 

MOS I 
System } 




J 



The MC75368 and MC75358 are identical except that 
the MC75368 version has been selected for slightly higher 
voltage capability. The two devices are interchangeable in 
most applications. 8oth can operate over a wide range of 
Vcc2 8nd VcC3 supply voltages. 

The need for four separate power supplies Vcci- VcC2« 
VcC3 and Vee can be avoided in many cases by tying 
VcC2 to VcC3- However, performance advantages can be 
obtained by connecting either one or both VcC3 P'os to an 
additional powersupply of higher voltage than Vcc2- Both 
VCC3 pins do not have to be held at the same voltage. For 
MECL-to-TTL level converter applications both VcC2 and 
VcC3 are generally connected to a +5.0 V power source. 

By providing two out-of-phase (A and 8) inputs and 
one in-phase (C) input, each gate can be used as positive 
NOR, or as a inverting or non-inverting gate. This 
flexibility is achieved by connecting an externally supplied 
MECL 10,000 Series reference supply voltage (Vbb) to 
the appropriate input as shown in Figures 4 thru 6. An 


unused out-of-phase input should be tied low or connected 
to the other out-of-phase input of the same gate. The 
required VbB voltage source may be obtained from 
MECL 10,000 Series devices such as the MC10115 line 
receiver, or by connecting the output of a MECL 10,000 
gate, like the MCI0102, to the respective out-of-phase 
inputs (as an example connect pins 4 and 5 to 2 of the 
MC10102 to obtain a Vbb reference voltage). 

When driven differentially, the MC75368 and MC75358 
may be used as a differential MECL line receiver, without 
the need for the VbB reference voltage. 

Undesirable output transient overshoot due to load or 
wiring inductance and the fast switching speeds of the 
MC75368 and MC75358 can be eliminated or reduced by 
adding a small amount of series resistance. The valueof this 
damping resistance is dependent on specific load character¬ 
istics and switching speed but typical values lie in the 
range of 10 to 30 ohms. This is illustrated in Figure 7. 
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MG75368,MC75358 


FIGURE 8 - 32K X 2 MEMORY BOARD (MECL SYSTEM) 



1/2 iyiC75368 


1/3 MCI 0177, 
12 Places 


AO A1 A2 A3 A4 A5 A6 A7 AS A9 

•To be announced 1st Quarter 1975 
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MC10161 



WE2 (to Bottom 36 devices) t/'2 MC3461,18 Places* MCM7001, 72 Places 


To be announced 1st Qifarter 1975 











































































ORDERING INFORMATION 


Device Temperature Range Package 


MC75450L 

MC75450P 


0*C to +70“C 
0*0 to +70*C 


Ceramic DIP 
Plastic DIP 


MC754S0 


DUAL PERIPHERAL 
POSITIVE "AND" DRIVER 


The MC75450 is a versatile device designed for use as a general- 
purpose dual interface circuit in MDTL and MTTL type systems. 
This device features two standard MTTL gates and two noncommitted, 
high-current, high-voltage NPN transistors. Typical applications in¬ 
clude relay and lamp drivers, power drivers, MOS and memory 
drivers. 


• MDTL and MTTL Compatibility 

• 300 mA Output Current Drive Capability 

(each transistor) 

• Separate Gate and Output Transistor for Maximum Design 

Flexibility 

• High Output Breakdown Voltage: 

VcER = 30 Volts minimum 


MAXIMUM RATINGS (T/\ = 0 to +70°C unless otherwise noted) 


Rating 


Power Supply Voltage (See Note 1) 


Input Voltage (See Note 1) 


Vcc'to-Substrate Voltage ■ 


Collector-to-Substrate Voltage 


Collector-Base Voltage 


Collector-Emitter Voltage (See Note 2) 


Emitter-Base Voltage 


Collector Current (continuous) (See Note 3) 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual In-Line Packages 
Derate above T/^ = +25°C 


Operating Temperature Range 


Storage Temperature Range 


NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This value applies when the base-emitter resistance (^ 0 ^-) >s equal to or less 
than 500 ohms. 

3. Both halves of these dual circuits may conduct the rated current simultane¬ 
ously. 



DUAL PERIPHERAL 
POSITIVE "AND" DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



Vcc 2 A 2 Y 


SUB- 

2 e STRATE 



1A 1Y IB ie IE GNp 


Positive Logic: Y = AG (gate only) 

C = AG (gate and transistor)' 
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MC75450 


RECOMMENDED OPERATING CONDITIONS (See Note 4) 


Characteristic J Symbol 1 Min 


Supply Voltage _ _ I Vcc I ^-75 


Note 4. The substrate, pin 8, must always be at the most negative device voltage for proper operation, 
ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C unless otherwise noted.) 


Characteristic 


MTTL GATES 


1 Symbol 

Test Fig. 

Min 


Max' 

Unit 


Low-Level. Input Voltage 


High-Level Out;put Voltage 
(Vcc = 4.5 V, V| L = 0.8 V, Iqh = -400 mA) 


Low-Level Output Voltage 
(Vcc = 4.75 V, V|H = 2.0 V, Iql = 16 nnA) 


High-Level Input Current 


(Vcc = 5.25 V, Vjn = 2.4 V) 

Input A 

Input G 

(Vcc = 5.25 V, Vjn = 5.5 V) 

Input A 

InputG 

Low-Level Input Current ^ 


(Vcc = 5.25 V, Vin = 0.4 V) 

Input A 


Input G 

Short-Circuit Output Current** ' 

(Vcc = 5.25 V) 


Supply Current 

High-Level Output (Vcc ^ 5.25 V, Vjn = 0) 


Low-Level Output (Vcc = 5.25 V, Vm = 5.0 V) 


Input Clamp Voltage (Vcc “ 4.75 V, Ijf, = -12 mA) 




Characteristic 


Collector-Base Breakdown Voltage 
(IC'IOOmA, Ie = 0) 


Collector-Emitter Breakdown Voltage . 
dc = 100nA, RbE = 500 ohms) 


Emitter-Base Breakdown Voltage 
(Ig = lOOpA, lc= 0) 


Static Forward Transfer Ratio (See Note 5) 
(VcE = 3.0 V, Ic = 100 mA, Ta = +25°C) 
(VcE = 3.0 V, Ic = 300 mA, Ta = +25°C) 
(VcE = 3.0 V, Ic = 100 mA, Ta = 0®C) 
(VcE “ 3.0 V, Ic = 300 mA, Ta = 0°C) 


Base-Emitter Voltage (See Note 5) 
(Ig = 10 mA, Ic = 100 mA) 
de ■= 30 mA, lc = 300 mA) 


Collector-Emitter Saturation Voltage (See Note 5) 
Ob = 10 mA, lc= 100 mA) 

(lB = 30mA, lc = 300mA) 


Note 5. these parameters must be measured using pulse techniques; tw = 300 ns, duty cycle £ 2%. 
*AII typical values at Vcc = 5.0 V, Ta = +25°C. 

**Not more than one output should be shorted at a time. 






















































































MC75450 


SWITCHING CHARACTERISTICS (Vcc “ ^ 0 Ta ~ +25°C unless otherwise noted.) 

I Characteristic I Symbol I Test Fig. | Min | Typ | Max 1 Unit | 


MTTL GATES 


Propagation Delay Time (Cl = 15 pF, Rl = 400 ohms) 



m 


■ 

ns 

Low-to-High-Level Output 




14 



High-to-Low-Level Output 

IHSsHi 


Blili 

6.0 




OUTPUT TRANSISTORS = 


Switching Times dc = 200 mA, Igd) = 20 mA, Ib(2) “ 


8 




ns 

VBE(off) "TO V, Cl = 15 pF, Rl ” ohms) 







Delay Time 



_ 

9.0 



Rise Time 




11 

- 


Storage Time 



- ■ 

14 

- 


Fall Time 




8.0 

■ - 



GATES AND TRANSISTORS COMBINED ^ 


Propagation Delay Time {\q = 200 mA, Cl = 15 pF, Rl = 50 ohms) 
Low-to-High-Level Output 

High-to-Low Level Output 

fPLH 

IPHL 

9 

■ 

21 

16 

■ 

ns 

Transition Time* (Ic = 200 mA, Cl = 15 pF, Rl = 50 ohms) 


9 




ns 

Low-to-High-Level Output 

ITLH 



7,0 



High-to-Low-Level Output 

‘THL 


HEH 

8.0 




Voltage and current values are nominal; exact values vary slightly with transistors parameters. 


DC TEST CIRCUITS FOR MTTL GATES 


FIGURE 1 - V|H. Vql 


FIGURE 2 - V|L, Vqh 


Vcc 



Both inputs are tested simultaneously. 


Vcc 



(Arrows indicate actual direction of current flow. Current into a terminal is a positive value.) 
FIGURE 3-l|H FIGURE 4 -l,L, Vj, 

Vcc 4.5 V Vcc 



Each input Is tested separately. 
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MC75450 


DC TEST CIRCUITS FOR MTTL GATES (continued) 


FIGURES - Iqs 


FIGURE 6 - IcCH" icCL 


Vcc 


Vcc 




OPEN 


Both gates are tested sinnultaneously. 


(Arrows indicate actual direction of current flow. Current into a terminal is a positive value.) 


FIGURE 7 - PROPAGATION DELAY TIMES, EACH GATE 



NOTES: A. The pulse generator has the following characteristics; t^ = 0.5 ps, PRR = 1.0 MHt, Zq 50 X2. 
B. C(_ includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 





MC75450 


TEST CIRCUITS (continued) 

FIGURE 8 - SWITCHING TIMES, EACH TRANSISTOR 


10 V 



NOTES: A. The pulse generetor has the following characteristics: ty„ = 0.3 iXi, duty cycle ^1%, Zg ^ 50 fZ. 
B. C|_ includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 



FIGURE 9 - SWITCHING TIMES, GATE AND TRANSISTOR 


10 V 



NOTES: A. The pulse generator has the following characteristics: t^ = 0.5 ps, PRR = 1.0 MHz, Zg 50 JZ. 
B. Cl, includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 








DUAL PERIPHERAL DRIVERS 

These versatile devices are useful for interfacing digital logic to 
industrial electronic systems. They are useful as lamp drivers, relay 
drivers, logic buffers, line drivers, or MOS drivers. 

Each of these devices consists of a pair of MTTL gates with the 
output of each gate internally connected to the base of a transistor. 
MC75451 provides the AND function 
MC75452 provides the NAND function 
MC75453 provides the OR function 
MC75454 provides the NOR function 

• 300 mA Output Current Capability 

• Output Breakdown Voltage - 30 V Min 

• MTTL compatible Inputs 


DUAL 

PERIPHERAL DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



MC7S4S1 - Positive AND 


IVIC7S452 - Positive NAND 


Vcc 2B 2A 2Y 



TRUTH TABLE 


Y 


L Con'' state) 


L. ("on" state) 


L ("on" state) 


H ("off" state) 


high level, L *- low level. 


Vcc 2B 

-Til-fTl 



TRUTH TABLE 



H (".off" State) 

nni 

H ("off" state) 

■aiBi 

H ("off" state) 




H = high tevef, L = low level 


1A IB 1Y GNO 
Positive Logic: Y = AB 


1A IB 1Y GND 
Positive Logic: Y = AB 


MC75453 - Positive OR 


MC75454 — Positive NOR 


Vcc 2B 

m_m 


TRUTH TABLE 


TRUTH TABLE 



1 1 1 r~^ i 1 

H high level, L low level 

V V 

H = high level, L * low level. 

. - "f ' 1 ' J. L- -,J 1 : J L_ 




lA IB 1Y GND 


1A IB 1Y GND 


Positive t-pgic: Y = A + B 


Positive Logic: Y = A + B 







































IVIC75451, MC75452, MC75453, MC75454 



lEsssa 


MAXIMUM RATINGS (Ta = 0°C to 70°C unless otherwise noted.) 


Rating 


Power Supply Voltage(l) 


Input Voltage 


Interemitter Voltage(2) 


Output VoltageO) 


Output Current(4) 


Power Dissipation = 25°C 
Derate above T a = +25®C 


Operating Arnbient Temperature Range 


Storage Temperature Range 


Value 

Unit 

7.0 

Vdc 


5.5 

Vdc 

30 

Vdc 


0 to +70 


-65 to +150 




(1) Voltage values are with respect to network ground terminal. 

(2) This is the voltage between two emitters of a multiple-emitter transistor. 

(3) This is the maximum voltage which should be applied to any output when it 
is in the "off" state. 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating. 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 > Vqc ^ 5.25 V and 0°C < T< 70°C) 


Characteristic I Figure Symbol Min Typ (1) 


Input Voltage - High Logic State 


Input Voltage — Low Logic State 


Input Clamp Voltage 

(Vcc = 4.75 V, l| = -12 mA) 


Output Current — High Logic State 

(Vcc = 4.75 V, VoH = 30 V, V|H = 2.0 V) MC75451, MC75453 

(Vcc = 4.75 V, Vqh = 30 V, V|i. = 0.8 V) MC75452, MC75454 


Output Voltage - Low Logic State 

(Vcc ' 4.75 V, V(|_ = 0.8 V) MC75451, MC75453 

(Vcc = 4.75 V,V|h = 2.0 V) MC75452, MC7S454 

(l0L= 100 mA) 

(IOL= 300 mA) 


Input Current — High Logic State 
(Vcc = 5.25 V, Vt = 2.4 V) 
(Vcc = 5.25 V, V| = 5.5 V) 


Input Current — Low Logic State 
(Vcc= 5.25 V, V, = 0.4 V) 


Power Supply Current — Output High Logic State 

(Vcc = 5.25 V, V| = 5.0 V) MC75451 

(Vcc = 5.25 V, V| = 0) MC75452 

(Vcc = 5.25 V, V| = 5.0 V) MC75453 

(Vcc = 5.25 V, Vi = 0) MC75454_ 


Power Supply Current — Output Low Logic State 

(Vcc = 5.25 V,V| = 0) MC75451 

(Vcc = 5.25 V, V) = 5.0 V) MC75452 

(Vcc = 5.25 V, V| = 0) MC75453 

(Vcc = 5.25 V, V| = 5.0 V) MC75454 


(1) Typical Values Measured with Vcc “ 5.0 V, T//\ = 25°C. 



5 

'CCH 

5 

•CCL 


FIGURE 1 - Voci 
V|H - MC754S2 and MC75454 
Vfi. - MC75451 and MC7S453 

Vcc 


test CIRCUITS 


(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.) 


- *“7 

V|L y* 


/ X 

'MC7S4S4 


MC75452 

MC75453 




MC75451 

MC75454 


•See Page 1 for specific gate type. 


FIGURE 2 - Iqh. 

V|H - MC75451 and MC75453 
V|L - MC75452 and MC75454 

Vcc 



Each input is tested separately. 


MOTOROLA Semiconductor Products Inc. 
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IVIC75451, MC75452, IVIC75453, IVIC75454 


SWITCHING CHARACTERISTICS (Vcc ” 5.0 V, T/\ = +25°C unless otherwise noted.) 


Characteristic 


Propagation Delay Time 

do ^200 mA, Cl = 15 pF, Rl = 50 ohms) 
MC75451 

Low-to-High-Level Output 
High-to-Low-Level Output 
l\/IC75452 

Low-to-High-Level Output 
High-to-Low-Level Output 
IV1C75453 

Low-to-High-Level Output 
High-to-Low-Level Output 
MC75454 

Low-to-High-Level Output 
High-to-Low-Level Output 


Transition Time 

do *=^200 mA, Cl = 15 pF, Rl = 50 ohms) 
l\/IC75451 

Low-to-High-Level Output 
High-to-Low-Level Output 
MC 75452 

Low-to-High-Level Output 
High-to-Low-Level Output 
I\/1C75453 

Low-to-High-Level Output 
High-to-Low-Level Output 
MC75454 

Low-to-High-Level Output 
High-to-Low-Level Output 


I KSB 



TEST CIRCUITS (Continued) 

(Current into terminal is shown as a positive value. 

FIGURE 3 — l|H Arrows indicate actual direction of current flow.) FIGURE 4 — Ijl V| 
LL DEVICE TYPES) (ALL DEVICE TYPES) 


(ALL DEVICE TYPES) 
VcC Open 


MC75451 4,5 y ^CC Open 

MC75452 t » 

MC75453 -*9 9 

MC75454 A r ~ i~ --p--] 




Each input is tested separately. 


fl 




IVIC75451 

IVIC75452 


FIGURE 5 - IcCH- 'CCL 
(ALL DEVICE TYPES) 

Vcc Open 

'cchiTi'ccl T 


MC75453 

IVIC75454 


Each input is tested separately. 


*See page 1 for specific gate type. 


Both gates are tested simultaneously. 


MOTOROLA Semic€3n<Juctor Products Inc. 
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IVIC75451, MC75452, MC75453, MC75454 


MC75451 

MC75452 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


2.4 V 0.4 V 


MC75453 

MC7S454 


^ 5.0 ns 
MC7S452 
and 

MC75454 
Input ~ 


j-"-—^^10 ns 

■■ 90% 

90% 

1.5V 

i.sv^k 

10% 

10%^ «. 


To Scope 
(Input) 


Pulse 
Generator 
(See Note A) 


^ ♦ — 


(Output) Input 


1 -L Cl = 15 pF 
J 'T' (See Note B) 


NOTES; A. Pulse generator characteristics: t^^ = 0.5 ps, 
PRR = 1.0 MHz, 2 o'» 50 n 

B. C|_ includes probe and test fixture capacitance. 


MC75451 

and 

MC754S3 


—-— tw—- 

-— 

tPHL 

tplh 


/ 9l3% 

. 50% 

50% , { 

Vio% 

10 % ^ 

[— 'THL 

'tlh-H 4—, 


REPRESENTATIVE SCHEMATIC DIAGRAMS 

(1 12 Circuits Shown) 





I 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. Hovyever, no responsibility is 
of illustrating typical semiconductor applications; consequently., assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for constructron purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


MGTGRGLA Semiconductor Products Inc. 
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MC75461P 

MC75461U 

MC75462P 

MC75462U 

MC75463P 

MC75463U 

MC75464P 

MC75464U 


Temperature Range 


0“C to +70“C 
o'C to +7(y’c 
o“C to +7(y’C 
O'C to +70“C 
O'C to +70'>C 
ox to +70°C 
0°C to +70“C 
ox to +70°C 


Package 


Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


DUAL HIGH-VOLTAGE PERIPHERAL DRIVERS 

The MC75461 thru MC75464 series is similar to the l\/IC75451 
thru IVIC75454 series peripheral drivers; however, the MC75461 
series features greater voltage capability allowing operation with 
higher output voltages or with inductive loads. These devices are 
useful as lamp drivers, relay drivers, logic buffers, line drivers, or 
MOS drivers. 

Each of these devices consists of a pair of MTTL gates with the 
output of each gate internally connected to the base of a transistor. 
MC75461 provides the AND function 
MC75462 provides the NAND function 
MC75463 provides the OR function 
I\/IC75464 provides the NOR function 

• 300 mA Output Current Capability 

• No Output Latch-up at 30 V 

• MTTL compatible, Inputs 


MC7S461 - Positive AND 


MC75461 

MC75462 

MC75463 

MC75464 


DUAL HIGH-VOLTAGE 
PERIPHERAL DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



MC7S462 - Positive NAND 


Vcc 28 2A 2 Y 


'^CC 2B 



1A IB - 1Y GND 

Positive Logic: Y = AB 


TRUTH TABLE 


L ("on" state) 


L ("on" state) 


L ("on" state) 


)H ("off" state) 


high level, L =- low level. 


2A 2Y 

JTl—[T! 



TRUTH TABLE 


H ("off" State) 


H ("off" state) 


H ("off" state) 


" state) 


H = high I'evel, L « low level 


1A IB 1Y GND 
Positive Logic: Y » AB 


H “ high Jevei, L low level 


1A IB 1Y GND 
Positive Logic: Y = A + B 


MC75464 - Positive NOR 



lA 1B 1Y GND 
Positive Logic: Y ^ A + B 


TRUTH TABLE 


H ("off" state) 


L ("on" state) 


L ("on" state) 


H - high level, L = low level. 
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IVIC75461, MC75462, MC75463, MC75464 



MAXIMUM RATINGS (T/\ = 0°C to 70°C unless otherwise noted.) 


Rating 


Power Supply Voltage! 1) 


Input Voltage 


Interemitter Voltage(2) 


Output Voltage! 3) 


Output Current!4) 


Power Dissipation = 25°C 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 


ill Voltage values are with respect to network ground terminal. 

!2) This is the voltage between two emitters of a multiple-emitter transistor. 

!3) This is the maximum voltage which should be applied to any output when it 
is in the "off" state. 

!4) Both halves of these dual circuits may conduct rated current simultaneously; 

however, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating. 

ELECTRICAL CHARACTERISTICS ! Unless otherwise noted, specifications apply for 4.75 ^ Vcc ^5.25 V and 0°C ^Ta ^70°C) 


Characteristic 


5.5 


5.5 


35 


300 


830 

6.6 


0 to +70 


-65 to +150 




Input Voltage - High Logic State 


Input Voltage — Low Logic State 


Input Clamp Voltage 

!Vcc = 4.75 V, l| = -12 mA) 


Output Current — High Logic State 

!Vcc = 4.75 V, Vqh = 35 V, V|h = 2.0 V) 
(Vcc = 4.75 V, Vqh = 35 V, V|L = 0.8 V) 


Output Voltage — Low Logic State 
!Vcc = 4.75 V,V(L = 0.8 V) 
(Vcc = 4.75 V,V|H = 2.0 V) 
•OL ” 

Iql “ 300 mA 


Input Current - High Logic State 
(Vcc = 5.25 V, V| = 2.4 V) 

! Vcc = 5.25 V, V| = 5.5 V) 


Input Current - Low Logic State 
!Vcc = 5.25 V, V| = 0.4 V) 


Power Supply Current — Output High Logic State 
(Vcc = 5.25 V, V|H = 5.0 V) 

(Vcc = 5.25 V, V|L = 0) 

(Vcc = 5.25 V, V|H = 5.0 V) 

(Vcc = 5.25 V, V|L = 0) 


Power Supply Current — Output Low Logic State 
( Vcc = 5.25 V, V|L = 0) 

(Vcc = 5.25 V, V|h = 5.0 V) 

(Vcc =5.25 V, V|L = 0) 

(Vcc = 5.25 V, V|H = 5.0 V) 


l\/IC75461, MC75463 
MC75462, MC75464 


IVIC75461, (V!C75463 
rviC75462, (VIC76464 



MC75461 

IVIC75462 

MC75463 

IVIC75464 


MC75461 

MC75462 

MC75463 

MC75464 



-1.0 

-1.6 

mA 

8.0 

11 

mA 

13 

17 


8.0 

11 


14 

19 


61 

76 

mA 

65 

76 


63 

76 


72 

85 



(1) Typical Values Measured with Vcc = 5.0 V, Ta = 25°C 


FIGURE 1 - VoL 
V|H - MC75462 and (VIC75464 
V|L - MC75461 and MC75463 

Vcc 




TEST CIRCUITS 

(Current into terminal is shown as a positive value. 

Arrows indicate actual direction of current flow.) 

, FIGURE 2-Iqh. 

V|H - MC75461 and MC75463 
V|L - MC75462 and MC75464 


MC75461 

MC75464 


MC75462 

MC76463 


LbTr=‘_J^,J 


Vql 

i t 



*See Page 1 for specific gate type. 


Each input is tested separately. 


MOTOROLA Semiconductor Products Inc. 
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MC75461, MC75462, MC75463, MC75464 


SWITCHING CHARACTERISTICS (Vcc = 5.0 v, T/\ = +25°C unless otherwise noted.) 


Characteristic 


Propagation Delay Time 

(io200 mA, Cl = 15 pF, Rl = 50 ohms) 

MC75461 

Low-to-High-Level Output IPLH 

High-to-Low-Level Output tPHL 


MC75462 

Low-to-High-Level Output 
High-to-Low-Level Output 


MC75463 

Low-to-High-Level Output IPLH 

High-to-Low-Level Output IPHL 


MC75464 

Low-to-High-Level Output 'PLH 

High-to-Low-Level Output 'PHL 


Transition Time 

do ^200 mAi Cl = 15 pF, Rl = 50ohms) 

MC75461 

Low-to-High-Level Output *TLH 

High-to-Low-Level Output 'THL 

MC75462 

Low-to-High-Level Output tTLH 

High-to-Low-Level Output TpHL 

MC75463 

Low-to-High-Level Output ITLH 

High-tp-Low-Level Output *THL 

MC75464 

Low-to-High-Level Output ITLH 

High-to-Low-Level Output tTHL 


Output Voltage - High Logic Level after Switching (Latch-up Test) Vqh 

(Vs=3QV lo « 300 mA) 




HSBKSS! 

45 

55 

ns 

30 

40 


50 

65 

ns 

46 

50 


45 

55 

ns 

30 

40 


50 

65 

ns 

40 

50 


8.0 

20 

ns 

10 

20 


12 

25 

ns 

15 

20 


8.0 

25 

ns 

10 

25 


12 

20 

ns 

15 

20 



“ 

mV 


FIGURE 3- l|H 
(ALL DEVICE TYPES) 

Vcc Open 


TEST CIRCUITS (Continued) 

(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.) 


FIGURE 4 - l|L,V| 
(ALL DEVICE TYPES) 



MC75461 

MC75462 


MC75463 

MC7e464 




4.5 V Vcc Open 

I 


Each input is tested separately. 


i 

'I’/f V| 

ii 1 i 

Each input is tested separately. 


MC75461 

MC75462 


FIGURE 5 — lcCH> •CCL 
(ALL DEVICE TYPES) 

Vcc Open 
'cchiTi'ccl ? 

' r —r — — 

I L-^rrprL 


•See page 1 for specific gate type. 


1V1C75463 

MC75464 


Both gates are tested simultaneously. 


MOTOROLA Semiconductor Products Inc. 
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MC75461, MC75462, MC75463,- MC75464 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


2.4 V 0.4 V 


MC75461 

MC7546a 


MC7S463 

IVIC75464 


To Scope 
(Input) 


Pulse 

GeneretOr ■ 
(See NoteA) 




To Scope 
(Output) 


Cl ■= 15 pF 
(See Note 8) 


<5.0 ni 
MC75462 
and 

MIC 75464 
Input II. 


j -^<10 ns. 

90% 

90% "N. 

1.5V 

1.5V^k 

10% 

10%^ «. 


NOTES; A. Pulse generator characteristics: t,^ = 0.5 ps, 
PRR = 1.0 MH2, 2 o«» 50 n 

B. Cl includes probe and test fixture capacitance. 


<5.0 ns—p 

Input - 1 J 

90% "X 
1.5 V- 
MC75461 
and 

MC75463 


fPHL 

tPLH 1*“ 


;''90% 

^ 50% 

50% J ( 

Yio% 

10% / 

- 1th L 

itlh-H 1-i— 


FIGURE 7 - OUTPUT. VOLTAGE AFTER SWITCHING TEST CIRCUIT AND WAVEFORMS 
(LATCH-UP TEST) 


To Scope 0.4 V 5.0 V 

(Input) * • f 2.4 V 


MC75463 

MC75464 


Pulse 

Generator ■ 
(See Note A) 


?1N3064 Z 
jorEquiv >100 0 


kMC75461 

MC75462 


^GND ^ 


To Scope 
(Output) 


I _L Cl = 15 pF 

I ' "'(See Note B) _l_ 

i Input j I 

MC75461 90% \ j 

, _L and 1.5 v\| 

MC75463 \ 


Input 

MC75462 

and .,1 
MC75464 . 


IA 90% 
/1.5 V 


90% -V , 
1.5 V\l 


*See Page 1 for specific gate tVpe. 


Output _ 
All Types 


>- / -VOL 

NOTES; A. The pulse generator has the following characteristics: PRR = 12.5 kHz, = 50 O 
B. Cl includes probe and jig capacitance. 

MOTOROLA Semiconductor Rroducts /nc- -- 
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ORDERING INFORMATION 


Device Temperature Range 


MC75491P 

MC75492P 


0°C to +70°C 
0°C to +70“C 


Package 


Plastic DIP 
Plastic DIP 



Speeifieations and Applications 
Information 


QUAD LED SEGMENT DRjVER - MC75491 
HEX LED DIGIT DRIVER - MC75492 

The MC75491 and I\/1C75492 are designed to interface MOS logic 
to common cathode light-emitting diode readouts in serially ad¬ 
dressed multi-digit displays. Using a segment address and digit scan 
LED drive method in a time multiplexing system results in a 
minimizing of the number of required drivers, 

• Low Input Current Requirement for MOS Compatibility 

• Low Standby Power Drain 

• Source or Sink Current Capabiljty of 50 mA for MC75491 

• Sink Current Capability of 250 mA for MC75492 

• Four High-Gain Darlington Drivers in a Single Package — IVIC75491 

• Six High-Gain Darlington Drivers in a Single Package - MC75492 


MULTIPLE 

LIGHT-EMITTING DIODE (LED) 
DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



























MC75491,MC75492 


MAXIMUM RATINGS (T/^ = O to +70°C unless otherwise noted.) 




Value 


Rating 

Symbol 

MC75491 

MC7S492 

Unit 

Bias Supply Voltage (See Note 1) 

Vss 

10 

10 

Vdc 

Input Voltage (See Note 2) 

^in 

-5.0 to V3S 

-5.0 to Vs3 

Vdc 

(Collector Voltage (See Note 3) 

Vc 

10 

10 

Vdc 

&>llector-to-Emitter Voltage 

VCE 

10 

- 

Vdc 

Collector-to-Input Voltage 

Vci 

10 

10 

Vdo 

Emitter Voltage (Vjn ^ 5.0 Vdc) 

Ve 

10 

- 

Vdc 

Emitter-to-Input Voltage 

Vei 

5.0 

- 

Vdc 

Continuous Collector Current (Each Collector) 

'c 

50 

250 

mA 

(Ail Collectors) 

200 

600 

rtriA 

Power Dissipation (Package Limitation) 

Pd 




Ceramic and Plastic Dual In-Line Packages 

830 

mW 

Derate above Ta = +25°C 


6.6 

mW/OC 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


Note 1. V33 terminal voltage is with respect to any other device terminal. 

Note 2. With the exception of the inputs, the GND terminal must always be the most negative device voltage for proper operation. 
Note 3. Voltage values are with respect to GNO terminal unless otherwise noted. 


ELECTRICAL CHARACTERISTICS (V55 =10 Vdc, T>\ = 0 to +70°C unless otherwise noted.) 




MC75491 

MC75492 { 


Characteristic .. 

Symbol 

1 Min 

Typ 

Max 1 

Min 

Typ 

Max 1 

Unit 

Low-Level Collector-to-Emitter Voltage 

VCEL 



■1 


nmn 

■m 

Vdc 

(Vjf, = 8.5 V thru 1.0 kfl, Iql = ^ mA, 









Ve = 5.0 V) 









Ta = +25°C 



0.9 

IB 





Ta = 0 to +70®C 



- 

■a 

im 

lll^ll 

^^11 


High-Level iCotlector Current 

'CH 


■mmi 



mii^H 

HIIB 

pA 

VcH=10V, VE = 0,lin = 40MA 




100 





VcH = 10V, Ve= 0, Vjn = 0.7 V 


im 


100 





Low-Level Output Voltage 

VOL 

■jjjjH 

■■■ 

■■■ 




Vdc 

(Vjn = 6.5 V thru 1.0 kf2, Iql = 250 mA) 









Ta = +25OC 






0.9 

1.2 


TA = 0to+70°C 


IBI 




- 

1.5 


High-Level Output Current 

'oh 



jjjHH 


■■ 


#iA 

VoH = 10V,ljn = 40#iA 







200 


VoH = 10V, V,n = 0.5V 




IIBII 

IB 

i^n 

200 


Injiut Current at Maximum Input Voltage 


- 

2.2 

3.3 

■Be 


3.3 

mA 

Vin = 10V, loL=20mA 





m 

Bl 



Emitter Current — Reverse Bias 

•er 

- 

- 

100 

HIIBI 

- 

- 

aA 

IC = 0,Vin = 0.VE = 5.0V 





m 




Bias Supply Current (V3S = 10 V) 

•ss 

-. 

- 

1.0 


- 

1.0 

mA 


SWITCHING CHARACTERISTICS (V33 = 7.S V, = +25°C unless otherwise noted.) 


Propagation Delay Time, High-to-Low Level 

RL = 200n, V|h = 4.5V, Cl= 15pF, Ve = 0 

RL = 39n, V|H = 7.5 V, Cl = 15 pF 

IPHL 

■ 

20* 

■ 

■ 

40 

■ 

ns 

Propagation Delay Time, Low-to-High Level 

IPLH 

m 


m 

n 



ns 

Cl = 15 pF, Ve = 0, Rl = 200 n, V|h = 4.5 Vdc 



40* 



- 



Cl= 15pF,Rl = 39 n, V|H= 7.5 Vdc 



- 

Bl 

Bl 

80 

Bl 



*To collector output. 
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VcE<on),COUECTOR TO-£MITTER VOLTAGE (Vdc) IC. COLLECTOR CURRENT (mA) „ IC, CO ELECTOR CURRENT (oiA) 


MC76491, MC75492 


TYPICAL CHARACTERISTICS 


(Vss “ +10 Ydc, Ta = +25PC unless otherwise noted.) 


MC7S491 


FIGURE 1 - COLLECTOR CURRENT veriue INPUT VOLTAGE 
50 

40 

30 

20 

10 

0 

0 0.5 1.0 1.5 2.0 2.5 

Vjn, INPUT VOLTAGE (Vdc) 







Vc = 2.5 V 









VE- 

0 





















































































MC75492 

FIGURE 2 - OUTPUT CURRENT versus INPUT VOLTAGE 



IGURE 3 


- COLLECTOR CURRENT versus INPUT CURRENT 



FIGURE 4 - OUTPUT CURRENT versus INPUT CURRENT 














j 





Vc» 

2.5 V 


j 








/ 








/ 








/ 








j 







y 








/ 







..1 

2. 






nl-1_L--1_ ‘ I I I 

0 so 100 150 200 250 300 350 400 

tin. INPUT CURRENT OiA) 



^ 100 
3 


FIGURE 5 - COLLECTOR-TO EMITTER VOLTAGE (ON) 



FIGURE 6 - OUTPUT VOLTAGE LOW versus OUTPUT CURRENT 



lO. OUTPUT CURRENT (mA) 
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in, INPUT CURRENT (niA) 


IVIC75491, MC75492 


TYPICAL CHARACTERISTICS and 
SWITCHING TIME CIRCUITS 


FIGURE 7 - MC75491/MC75492 INPUT CURRENT 
versus INPUT VOLTAGE 


FIGURE 8 - MC7S491 SWITCHING CIRCUIT 



FIGURE 9 - SWITCHING WAVEFORM DEFINITIONS 


FIGURE 10 MC75492 SWITCHING CIRCUIT 


1 

*TLH < 10 ns-»J 

1 J 1 

^ h^*THL<10ns 

1 

1 

^90% 909rk "j" 

1 nput 1 

/50% 50%4c I 

10 %.^ 

V |\.10% 

, 1 1 -- 

' ! 

Output 

[ \60% { tF50% 


J N--Vo. 

IPHL — 

! ' 1 ' 

UH 1--M—tpLH 

Tt^e pulse generator has the following characteristics: 

Zo = 50 n, PRR = too kHz, PW = 1.0 ps. 



TYPICAL APPLICATIONS 


FIGURE 11 - QUAD-OR-HEX RELAY DRIVER 


FIGURE 12 - OUAD-OR-HEX LAMP DRIVER 



MC75491 


or I 

Input •— 





MC75491 


or ( 


MC75492 

Input •— 

























MC75491, Me75492 


TYPICAL APPLICATIONS (continued) 


FIGURE 13 - MOS-TO-MTTL LEVEL TRANSLATOR 


FIGURE 14 - QUAD HIGH-CURRENT NPN 
TRANSISTOR DRIVER 



FIGURE 15 - QUAO-OR-HEX HIGH-CURRENT 
PNP TRANSISTOR DRIVER 


FIGURE 16 - BASE-EMITTER SELECT TRANSISTOR DRIVER 



MC75491 I 

or O Vss 
-MC75492 


(MC75491 

only) 


(Suitable for use with common-anode VLED displays) 



FIGURE 17 - MOS CALCULATOR CHIP-TO-LED INTERFACE CIRCUIT 


8 (1/4 MC75491 Circuit) 
2 Packages 



N(1/6 MC75492 Circuit) = 
2 Packages if N = 12 


- ^ This example uses time multiplexing of the individual digits in a visible display to minimize display 

circuitry. Up to twelve digits, each of which use a seven-segment display with decimal point, may 


— ^DD displayed using only two MC75491 and two MC75492 drivers. 
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MC75491, MC75492 


TYPICAL APPLICATIONS (continued) 


FIGURE 18 - STROBED "NOR" DRIVER 


2-MC75491 

Circuits 


‘ R|_ = Lamp or Relay 


strobe MC75492 
I . •-o— 

Input 


(IVIC75491 
“ only) 


FIGURE 19 - DC MOTOR SPEED/DIRECTION CONTROL CIRCUIT 


Speed/Direction 

Control 



1N4001 
or Equiv 


Each amplifier symbol represents 1/4 IV1C75491 circuit (two packages total). 










MCC1486 

MCC1487 


Aclva^nce l]:ifoi*ma.tiO]iL 


QUAD LED DIGIT DRIVERS 

The MCC1486/MCC1487 consists of four (4) medium current 
(70 mA) CMOS compatible digit drivers. Each circuit has been 
specially designed for use with digital watch display applications 
employing demand display CMOS watch circuits, or other applica¬ 
tions requiring CMOS or equivalent input compatibility. Both are 
designed to serve as digit drivers for driving 4-digit common cathode 
LEO watch displays. Each driver serves as a current sink for a 
particular digit cathode, providing convenient time multiplex 
operation. The time-multiplexed display system allows a single 
driver to serve as a current sink for all segments of a particular digit, 
resulting in a significant decrease in interface circuit requirements. 

The MCC1487 differs from the MCC1486 in that a two-stage 
high-gain driver circuit is used. The increased gain of the MCC1487 
circuit permits operation with very low output current CMOS watch 
circuits. Also, the MCC1487's improved input threshold (approxi¬ 
mately 2 Vqe) provides greater immunity to characteristic CMOS 
output leakage currents. Together, the increased gain and improved 
input threshold allows use of relaxed watch chip specifications and a 
more stable, noise free operation. 


MAXIMUM RATINGS (T^ = 25°C unless otherwise noted.) 


Rating I Symbol 


Power Supply Voltage Vgs 


Input Voltage V| 


Output Voltage Vq 


Output Current Iq 


Operating Ambient Temperature Range I 


Storage Temperature Range Tstq 


5.0 


100 


0 to -rTO 


-65 to -n 50 



QUAD LED DIGIT 
DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


fRL<'j j 

wr\ 

jMpl 

H 1 —i 




Vss 

(MCC1487 only) 

Available in Chip Form Only 
-1 Suffix Indicates Multiples of 10 
-2 Suffix Indicates Multiples of 100 
MCC1487 Metal Pattern Shown. Pad Locations 
Same For Both Devices. 


MCC1486 

MCC1487 

Digit 

Driver 



BOMAR BD5030 - MCC1486 
BOMAR BD5031 - MCC1487 


This is advance information and specifications are subject to change without notice. 






















































MCC1486, IVICG1487 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

MCC1486 

MCC1487 

Unit 


Max 

Min 

Max 

Output Voltage — Low Logic State 

VoL 






(V|“ 1.2 V, I'o -70 mA) 




_ 



(11 = 840 mA, Iq = 56 mA) 




_ 



(V| = 2.0 V) lo = 70 mA, Vss “ 3.0 V) 




- 

HES 

IIIIIIIIIIIIH 

Output Current — High Logic State 

•oh 





mA 

(Total of all Outputs) 







(V| = 0.2 V, Vo = 3.0 V) 



1.0 


- 


(V| = 0.2 V, Vo = Vss = 3.0 V) 


Bsm 

- 


1.0 


Input'Currerit — On State , 

•l(ori) 




____ 

mA 

(V|=1.2V) 


840 

- 




(V|-2.0V) 


- 

- 

300 

^nmniiiiii 


Input Current — Off State 

l|(off) 



HHjlllllll 



(V| =0.2V) 



20 


- 

mA 

(V| = 0.5y) 



- 


200 

nA 

Power Supply Current 

•ss 





mA 

(V, = 2.6V, Iq = 70 mA, Vss = 3 0 V) 



- 


7.0 


Propagation Delay Time 


■|HH 





Low to High State Output 

*PLH 


10 

- 

10 

MS 

High to Low State Output 

IPHL 


10 

- 

10 

MS 


FIGURE 3 - SWITCHING TEST CIRCUIT AND WAVEFORMS 
(For Referenee Only) 



. - 1.0 M» 

. B 1,0 MS 



CHIP OUTLINE DIMENSIONS 



Voi 


Vo2 


Vo3 


Vo4 


.0090 


0180 
0.0270 


i 


Die Size is 

0.044 X 0.044 Nominal 
Oxide Free Bonding 
Area is 0.046 x 0.0046 
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Device 

MMH0026G 

MMH0026L 

MMH0026U 

MMH0026CG 

MMHd026CL 

MMH0026CP1 

MMH0026CU 


Temperature Range 

-55°C to +125'-C 
-55°C to +125''C 
-SS^C to +125'‘C 
O'C to +70“C 
O’C to +70'’C 
0°C to +70°C 
O^C to +70‘’C 


Package 

Metat Can 
Ceramic DIP 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


MMH0026 

MMH0026C 


Specifications and Applications 
Information 


DUAL MOS CLOCK DRIVER 

.. . designed for high-speed driving of highly capacitive loads in a 
MOS system. 

• Fast Transition Times — 20 ns with 1000 pF Load 

• High Output Swing — 20 Volts 

• High Output Current Drive — ± 1.5 Amperes 

• High Repetition Rate — 5.0 to 10 MHz Depending on Load 

• MTTL and MDTL Compatible Inputs 

• Low Power Consumption when in MOS "0" State — 2.0 mW 

• +5.0-Volt Operation for N-Channel MOS Compatibility 


DUAL MOS 
CLOCK DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 
METAL PACKAGE 
CASE 601-02 
TO-99 


NC O 

V 

INPUT A\l 




LSUFFIX 

CERAMIC PACKAGE 
CASE 632-02 
TO-116 


NC Li 14 ] Vqc 
NCFZ 13]NC 


NCn4 Yllin NC 



PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(IVIMH0026COnly) 


U SUFFIX 

CERAMiq PACKAGE 
CASE 693 




VeeC 3 
INPUT bF — 


6 3 Vcc 

— ] OUTPUT B 
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MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 


Differential Supply Voltage 


Input Current 


Input Voltage 


Peak Output Current 


unct(on temperature 


Operating Ambient Temperature Range 

MMH0026 

MMH0026C 


Storage Temperature Range 


Symbol 


VcC-'^EE 


Value 

Unit 

+22 

Vdc 

+100 

mA 



ELECTRICAL CHARACTERISTICS (Vcc-Vee = 10 V to 20 V, Cl = 1000 pF, Ta = - 55 to+125°C for MMH0026 and 0 to+70°C 

for MMH0026C for min and max values; Ta = +25°C for all typical values unless otherwise noted.) 


Min 


Vee + 2.0 


Characteristic 

Symbol 

Logic "I” Level Input Voltage 

Vo = Vee + 1-0 Vdc 

V|H 

Logic "1" Level Input Current 

V| -Vee = 2.4 Vdc, Vo = Vee + i o vdc 

l|H 

Logic "0" Level Input Voltage 

Vo = Vcc - TO Vdc 

V|L 

Logic "0" Level Input Current 

V| -Vee = P Vdc, Vo = Vcc -10 Vdc 

'IL 

Logic "O'" Level Output Voltage 

Vcc = +5 0 Vdc, Vee = -12 Vdc, V| = -11.6 Vdc 

V| —Vee “ 5-^ Vdc 

Vqh 

Logic "1 " Level Output Voltage 

Vcc = +5.0 Vdc, VgE = -12 Vdc, V| = -9.6 Vdc 

V| —Vee - 2.4 Vdc 

Vql 

"On" Supply Current 

Vcc— Vee - 20 vdc, V| —Vee - 2.4 vdc 

. 'CCL 

"Off" Supply Current MIVIH0026C 

VcC-VeE = 20 Vdc, V| -Vee = 0V IVII\/IH0026 

'CCH 

SWITCHING CHARACTERISTICS (Vcc-Vee = 10 v to 20 V, Cl = 

IOOOpF.Ta = 

Propagation Time 

High to Low (Figure 2) 

(Figure 3) 

Low to High (Figure 2) 

(Figure 3) 

<PHL 

IPLH 

Transition Time (High to Low) 

Vcc-Vee = 20 Vdc, Cl = 250 pF (Figure 2) 

VcC-VeE = 20 Vdc, Cl = 500 pF (Figure 2) 

(Figure 3) 

Vcc-Vee = 20 Vdc, Cl = 1000 pF (Figure 2) 

(Figure 3) 

tTHL 

Transition Time (Low to High) 

Vcc-Vee = 20 Vdc, Cl = 250 pF (Figure 2) 

Vcc-Vee = 20 Vdc, Cl = 500 pF (Figure 2) 

(Figure 3) 

Vcc -Vee = 20 Vdc, Cl = 1000 pF (Figure 2) 

(Figure 3) 

ITLH 
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TEST CIRCUIT 


FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS 




FIGURE 3 - AC TEST CIRCUIT AND WAVEFORMS 
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TYPICAL CHARACTERISTICS 

(Vcc = + 20 V, VgE = 0 V, T/^ = +25°C unless otherwise noted.) 



Vin, INPUT VOLTAGE (V) 


FIGURE 5 - SUPPLY CURRENT versus TEMPERATURE 
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FIGURE 6 - OPTIMUM INPUT CAPACITANCE 
versus OUTPUT PULSE WIDTH 


FIGURE 7 - TRANSITION TIMES versus LOAD CAPACITANCE 



Cin, OPTIMUM INPUT CAPACITANCE (pF) 



Cl, LOAD CAPACITANCE (pF) 


FIGURE 8-PROPAGATION DELAY TIMES 



T, TEMPERATURE (“O 


FIGURE 9- TRANSITION TIMES versus TEMPERATURE 
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TYPICAL CHARACTISTICS (continued) 

(Vcc = + 20 V, VgE = 0 V, T/^ = +25*^0 unless otherwise noted.) 


FIGURE 10 - TRANSITION TIME versus TEMPERATURE 
FOR +5 VOLT DC-COUPLED OPERATION (See Figure 4.) 


FIGURE 11 - PROPAGATION DELAY TIME versus 
TEMPERATURE FOR +5 VOLT DC-COUPLED 
OPERATION (See Figure 4.) 



-55 -26 0 +25 +50 +75 +100 +125 

T, TEMPERATURE (“Cl 



FIGURE 12 - DC-COUPLED SWITCHING RESPONSE 
versus Rj^, (See Figure 4.) 


FIGURE 13 - DC-COUPLED SWITCHING versus Cjn 
(See Figure 4.) 
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FIGURE 14 - MAXIMUM DC POWER DISSIPATION 
versus DUTY CYCLE (SINGLE DRIVER) 


FIGURE 15 - AC POWER DISSIPATION versus 
FREQUENCY (SINGLE DRIVER) 
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APPLICATIONS INFORMATION 


OPERATION OF THE MMH0026 

The simplified schematic diagram of MMH0026, shown 
in Figure 16, is useful in explaining the operation of the 
device. Figure 16 illustrates that as the input voltage level 
goes high, diode D1 provides an 0.7-volt “dead zone" 
thus ensuring that Q2 is turned “on" and Q4 is turned 
"off" before Q7 is turned "on". This prevents undesirable 
"current spiking" from the power supply, which would 
occur if Q7 and 04 were allowed to be "on" simul¬ 
taneously for an instant of time. Diode D2 prevents 
"zenering" of 04 and provides an initial discharge path 
for the output capacitive load by way of 02. 

As the input voltage level goes low, the stored charge in 
02 is used advantageously to keep 02 "on" and 04 "off" 
until 07 is "off". Again undesirable "current spiking" is 
prevented. Due to the external capacitor, the input side 
of Cjn goes negative with respect to VgE causing 09 to 
conduct momentarily thus assuring rapid turn "off" 
of 07. 


FIGURE 16 - SIMPLIFIED SCHEMATIC DIAGRAM 
(Ref.: Figure 1) 



The complete circuit. Figure 1, basically creates Dar¬ 
lington devices of transistors Q7, 04 and 02 in the 
simplified circuit of Figure 16. Note in Figure 1 that 
when the input goes negative with respect to VgE, diodes 
D7 through DIO turn "on" assuring faster turn "off" of 
transistors 01, 02, 06 and 07. Resistor R6 insures that 
the output will charge to within one V0E voltage drop 
of the Vqq supply. 


SYSTEM CONSIDERATIONS 
Overshoot: 

In most system applications the output waveform of the 
MIV1H0026 will “overshoot" to some degree. However, 
"overshoot" can be eliminated or reduced by placing a 
damping resistor in series with the output. The a mount 
of resistance required is given^by: Rs = 2^y L/Cl where 
L is the inductance of the line and Ci_ is the load capac¬ 
itance. In most cases a series of damping resistor in the 
range of 10-to-50 ohms will be sufficient. The damping 
resistor also affects the transition times of the outputs. 
The speed reduction is given by the formula; 

ITHL ** fTLH = 2.2 Rs Cl (Rs's the damping resistor). 
Crosstalk; 

The MMH0026 is sensitive to crosstalk when the output 
voltage level is high (Vq With the output in the 

high voltage level state, Q3 and Q4 are essentially turned 
"off". Therefore, negative-going crosstalk will pull the 
output down until Q4 turns "on" sufficiently to pull the 
output back towards Vcc- This problem can be min¬ 
imized by placing a "bleeding" resistor from the output 
to ground. The "bleeding" resistor should be of suf¬ 
ficient size so that Q4 conducts only a few milliamperes. 
Thus, when noise is coupled, Q4 is already "on" arid the 
line is quickly clamped by Q4. Also note that in Figure 1 
D6 clamps the output one diode-voltage drop above Vcc 
for positive-going crosstalk. 

Power Supply Decoupling: 

The decoupling of Vcc aod Vee is essential in most 
systems. Sufficient capacitive decoupling is required to 
supply the peak surge currents during switching. At least 
a O.I-AfP to I.O-jiiF low inductive capacitor should be 
placed as close to each driver package as the layout will 
permit. 

Input Driving: 

For those applications requiring split power supplies 
(Vee < GND), ac coupling, as illustrated in Figure23, 
should be employed. Selection of the input cajaacitor 
size is determined by the desired output pulse width. 
Maximum performance is attained when the voltage at 
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APPLICATIONS INFORMATION (continued) 


the input of the MMH0026 discharges to just above the 
device's threshold voltage (about 1.5 V). Figure 6 shows 
optimum values for Cjn versus the desired output pulse 
width. The value for Cjn may be roughly predicted by: 

Cjn '=(2x 10-3) (PWo). (D 

For an output pulse width of 500 ns, the optimum value 
for Cjn is: 

Cjn = (2 X 10-3) (500 X 10-9) = 1000 pF. 

If single supply operation is required (Vee = GND), then 
dc coupling as illustrated in Figure24can be employed. 
For maximum switching performance, a speed-up capac¬ 
itor should be employed with dc coupling. Figures 12 
and 13 show typical switching characteristics for various 
values of input resistance and capacitance. 


POWER CONSIDERATIONS 

Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source ,increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in¬ 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper¬ 
ature is: 

Tj = Ta + Pd(R0JC + R0CA) (2) 

or 

Tj^Ta + PoIR0JA) (3) 

where 

Tj = junction temperature 
Ta = ambient temperature 
Pq = power dissipation 
RgJC = thermal resistance, junction to case 
R 6 CA= thermal resistance, case to ambient 
RflJA “ thermal resistance, junction to ambient. 

Power Dissipation for the MMH0026 MOS Clock Driver: 
The power dissipation of the device (P[)) is'dependent 
on the following system requirements: frequency of op¬ 
eration, capacitive loading, output voltage sv\)ing, and 
duty cycle. This power dissipation, when substituted into 
equation (3), should not yield a junction temperature, 
Tj, greater than Tj(max) at the maximum encountered 
ambient temperature. Tj(max) is specified for three 
integrated circuit packages in the maximum ratings 
section of this data sheet. 


TABLE 1 - THERMAL CHARACTERtSTICS 
OF "G", "L", "PI", AND "U" PACKAGES 


PACKAGE TYPE 
(Mounted in Socket) 

R0JA (°C/W) 

Still Air 

RflJC (°C/W) 

Still Air 

MAX 

TYP 

MAX 

TYP 

"G" (Metal Package) 

220 

175 

70 

40 

"L" (Ceramic Package) 

150 

100 

50 

27 

"PI” (Plastic Package) 

150 

100 

70 

40 

"U" (Ceramic Package) 

150 

100 

50 

27 


FIGURE 17 - MAXIMUM POWER DISSIPATION versus 
AMBIENT TEMPERATURE (As related to package) 



-7S -50 -25 0 +25 +60 +75 +100 +125 +150 +175 

Ta, ambient temperature (“O 


With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (2) or (3) and the maximum thermal 
resistance values given in Table 1 or alternately, by using 
the curves plotted in Figure 17. If, however, the power 
dissipation determined by a given system produces a 
calculated junction temperature in excess of the recom¬ 
mended maximum rating for a given package type, some- 
• thing must be done to reduce the junction temperature. 

There are two methods of lowering the junction tem¬ 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf¬ 
ficiently to bring Tj to an acceptable value. Secondly, 
the R 0 CA term can be reduced. Lowering the R0CA term 
can be accomplished by increasing the surface area of the 
package with the addition of a heat sink or by blowing 
air across the package to promote improved heat 
dissipation. 
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APPLICATIONS INFORMATION IcoralnuedI 


The following examples illustrate the thermal consider¬ 
ations necessary to increase the power capability of the 
MMH0026. 

Assume that the ceramic package is to be used at a 
maximum ambient temperature (Ta) of +70°C. From 
Table 1:R0JA(max)~ 150°C/watt, and from the max¬ 
imum rating section of the data sheet; Tj{max) = +17S°C. 
Substituting the above values into equation (3) yields a 
maximum allowable power dissipation of 0.7 watts. Note 
that this same value may be read from Figure 17. Also 
note that this power dissipation value is for the device 
mounted in a socket. 

Next, the maximum power consumed for a given system 
application must be determined. The power dissipation 
of the IVIOS clock driver is conveniently divided into 
dc and ac components. The dc power dissipation is 
given by: 

Pdc = (Vcc - Vee) ^ dCCL) ^ (DiJty Cycle) (4) 

vce - Vee, 

where IcCL ® 40 mA (——). 

Note that Figure 14 is a plot of equation (4) for three 
values of (Vcc-Vee)- For this example, suppose that 
the MOS clock driver is to be operated with Vcc “ +16 V 
and Vee “ GND and with a 50% duty cycle. From 
equation (4) or Figure 14, the dc power dissipation (per 
driver) may be found to be 256 mW. If both drivers 
within the package are used in an identical way, the total 
dc power is 512 mW. Since the maximum total allowable 
power dissipation is 700 mW, the maximum ac power 
that can be dissipated for this example becomes: 


Pac = 0.7-0.512= 188 mW , 

The ac power for each driver is given by: 

Pac=(VcC-VEE)^xfxCL (5) 

where f = frequency of operation 

= load Capacitance (including all strays and 
wiring). 


using the previous formulas and constants, a new safe 
operating area can be generated for any output voltage 
swing and duty cycle desired. 

Note from Figure 18, that with highly capacitive loads, 
the maximum switching frequency is very low. The 
switching frequency can be increased by varying the 
following factors; 

(a) decrease T a 

(b) decrease the duty cycle 

(c) lower package thermal resistance (R^ja) 

In most cases conditions (a) and (b) are fixed due to 
system requirements. This leaves only the thermal re¬ 
sistance R^ja that can be varied. 

Note from equation (2) that the thermal resistance is 
^ comprised of two parts. One is the junction-to-case 
thermal resistance (R^JC) and the other is the case-to- 
ambient thermal resistance (R^caI- Since the factor Rgjc 
is a function of the die size and type of bonding employed, 
it cannot be varied. However, the R0CA can be 
changed as previously discussed, see Page 7. 


FIGURE 18 - LOAD CAPACITANCE versus FREQUENCY 
FOR "L" PACKAGE ONLY 
(Both drivers used in identical way) 



Figure 16 gives the maximum ac power dissipation versus 
switching frequency for various capacitive loads with 
Vcc = 16 V and Vee “ GND. Under the above con¬ 
ditions, and with the aid of Figure 15, the safe operating 
area beneath Curve A of Figure 18 can be generated. 

Since both drivers have a maximum ac power dissi¬ 
pation of 188 mW, the maximum ac power per driver' 
becomes 94 mW; A horizontal line intersecting all the 
capacitance load lines at the 94 mW level of Figure 15 
will yield the maximum frequency of operation for each 
of the capacitive loads at the specified power level. By 


Heat Sink Considerations: 

Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 19. In the 
previous example, with the ceramic package, no heat sink 
and in a still air environment, R 0 jA(max)was 150°C/W. 

For the following example the Thermalloy 60128 type 
heatsink, or equivalent, is chosen. With this heat sink, the 
R 0 CA lot natural convection from Figure 20 is 44°C/W. 
From Table 1 R 0 je(max) = 50°C/W for the ceramic 
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package. Therefore, the new R 0 jA(max) with the 6012B 
heatsink added becomes; 

R0JA(max) = 50OC/W + = 94°C/\N. 

Thus the addition of the heat sink has reduced R 0 jA(max) 
from 150°C/W down to 94°C/W. With the heat sink, the 
maximum power dissipation by equation (3) at Ta = 
+70OC is: 

175OC- 70 OC 

Pn =-= 1.11 watts. 

94 OC/W 

This gives approximately a 58% increase in maximum 
power dissipation. The safe operating area under Curve C 
of Figure 18 can now be generated as before with the aid 
of Figure 15 and equation (5). 


Forced Air Considerations; 

As illustrated in Figure 21, forced air can be employed to 
reduce the R^ja term. Note, however, that this curve is 
expressed in terms of typical R^ JA rather than maximum 
R^jA- Maximum R^ja can be determined in the follow¬ 
ing manner: 

From Table 1 the following information is known: 

(a) R 0 JA(typ) = 1OO°C/W 
(W RejC(typ) = 27° C/W 

Since: 

R0JA = R0JC + R0CA (6) 

Then: 

R0CA = R0JA - R0JC (7) 


FIGURE 20 - CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL. CONVECTION 


THERMALLOY 46012B DIP HEAT SINK OR EQUIV- 


gO -THERMALLOYi6007A- 

DIP HEAT SINK OR EQUIV . 


= THERIV1ALL0Y #2230-5- 

TO-99 HEAT SINK OR EQUIV 


0.6 1.0 1.5 

PD, POWER DISSIPATED (WATTS) 


Therefore, in still air 

R0CA(typ) = lOO^C/W - 27°CW = 73°C/W 
From Curve 1 of Figure 21 at 500 LFPM and eq¬ 
uation (7), 

,RecA(typ) = 530C/W - 27OC/W = 2Q°Cm. 

Thus R0CA(tyP) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical R^CA 
by a ratio of 1:2.8. Since the typical value of RgCA was 
reduced by a ratio of 1:2.8, R^CAfmax) of 100°C/W 
should also decrease by a ratio of 1 ; 2 . 8 . 

This yields an R0CA(max) at 500 LFPM of 36°C/W. 
Therefore, from equation ( 6 ): 

RejA(max) = 50OC/W -e 36°C/\N = OB^C/W. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta - +70°C is from equation (3): 
I75OC-70OC 

Pn =-=1.2 watts. 

+86°C/\N 
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APPLICATIONS INFORMATION (continued) 


FIGURE 21 - TYPICAL THERMAL RESISTANCE (R0JA>OF 
"L" PACKAGE versus AIR VELOCITY 
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As with the previous examples, the dc power at 50% duty 
cycle is subtracted from the maximum allowable device 
dissipation (Pq) to obtain a maximum Pac- The safe 
operating area under Curve D of Figure 18 can now be 
generated from Figure 15 and equation (5). 

Heat Sink and Forced Air Combined: 

Some heat sink manufacturers provide data and curves of 
R0CA forced air such as illustrated in 

Figure 22. For example the 6012B heat sink has an 
R(JCA “ 17°C/W at 500 LFPM as noted in Figure 22. 
From equation (6): 

Max R0JA = 50OC/W + ^7°C/\N = 67°C/\N 
From equation (3) at Ta = +70°C 
175°C-70OC 

Pq =--- 1.57 watts. 


FIGURE 22 - THERMAL RESISTANCE R^CA 
versus AIR VELOCITY 
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As before this yields a safe operating area under Curve E 
in Figure 18. 

Note from Table 1 and Figure 21 that if the 14-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical R0JA is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine a 
safe operating area for this condition. 

Given data from Table 1: 

typical R^ja “ 100°C/W 
typical Rgjc = 27°C/W 

From Curve 2 of Figure 21, R^JaIIYP) is 75®C/W for a 
PC mount and no air flow. Then the typical R0CA is 
75 OC/W - 27 OC/W = 480C/W. From Table 1 the typical 
valueof RgcAfor socket mount is 100°C/W — 27°C/W = 
73°C/W. This shows that the PC board mount results in 
a decrease in typical RgCA by a ratio of 1:1.5 below the 
typical value of RgcA io a socket mount. Therefore, the 
maximum value of socket mount R^CA of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum R0CA becomes: 
IOOOC/W 

RfiCA " —" 66°CAV for PC board mount 

Therefore the maximum R0 ja for a PC mount is from 
equation (6). 

R0JA = 50 OC/W + eeoc/w = 1 le^c/w. 

With maximum R0JA known, the maximum power dis¬ 
sipation can be found and the safe operating area de¬ 
termined as before. See Curve B in Figure 18. 


CONCLUSION 

In most cases, heat sink manufacturer's publish only 
RqCA socket mount data. Although R^CA data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 21 that an air flow greater 
than 250 LFPM yields a socket mount RgJA approxi¬ 
mately 6% greater than for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted that 
thermal resistance measurements can vary widely. These 
measurement variations are clue to the dependency of 
R0CA oTi the type environment and measurement tech¬ 
niques employed. For example, R^CA would be greater 
for an integrated circuit mounted on a PC board with little 
or no ground plane versus one with a substantial ground 
plane. Therefore, if the maximum calculated junction 
temperature is on the border line of being too high for a 
given system application, then thermal resistance measure¬ 
ments should be done on the system to be absolutely 
certain that the maximum junction temperature is not 
exceeded. 
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VOLTAGE COMPARATORS 


Temperature Range 

0 to 70*^0 -55to1250c Other Page 

MC1414 MC1514 — Dual MCI 710 Differential Comparator. 6-5 

MC1710C MC1710 — Differential Comparator.. 6-9 

MCI 711C MCI 711 — Dual Differential Comparator. 6-13 

— — MC3302 Quad Comparator.. 6-17 

XC3411 — — Dual Comparator. 6-21 

MC3430-33 — — High-Speed Quad Comparators.■ . . • 6-23 

MLM311 MLM111 MLM211 High-Performance Comparator.. . 6-31 

MLM339 MLM139 MLM239 Quad Comparator (Single Supply).. 6-35 

MLM339A MLM139A MLM239A Quad Cpmparator (Single Supply). 6-39 

— — MLM2901 Quad Comparator.. . 6-43 













VOLTAGE COMPARATORS 


General Purpose Comparators 


. . . for detecting the polarity relationship between two 
analog levels and giving a corresponding TTL output. 


I\/IC1710 -Ta =-55 to 1250 c 
MC1710C-TA = 0to 70OC 
Single comparators 


MCI711 -Ta =-55 to 1250 c 
MC1711C-TA = 0to70OC 

Dual comparators with strobes and wire-ORed 
outputs 


Non Inv. 
Input 



^ C- Packages; 

G Suffix - Case 601 Inputsi 

N C F Suffix - Case 606 

L Suffix — Case 632 y 

P Suffix — Case646 (for EE 

MC1710C, MC17l1Conly) 



NC 

Strobe 1 
Gnd 

^CC 
Output 
Strobe 2 
NC 


•Connected to pin 6 via the substrate on 
some plastic units. 


•Connected to pin 4 via the substrate on 
some plastic units. 


MC1514 -Ta = -55 to 1250 c 
MC1414 -TA = 0to 70OC 

Dual comparators with strobes. 


Non-Inverting 

Input 



Non-Inverting 
_,.l Input 

3 Qnd 

To] ''cc 

9 I Strobe 
8 I Output 


Device 

Number 

V|o 
mV Max 

l|B 

fiA Max 

AvOL 

V/V Min 

(VIC1710C 

5.0 

25 

1000 

IVIC1710 

2.0 

20 

1250 

MC1711C 

5.0 

100 

700 

MC1711 

3.5 

75 

700 

MC1614 

2.0 

20 

1250 

MC1414 

5.0 

25 

1000 


Packages: 

F Suffix — Case 607 
L Suffix — Case 632 
P Suffix — Case 646 (MC1414 only) 






Precision Comparators 


. . . featuring low input loading, high voltage gain, and a 
choice of either dual or single positive power supply 
operation. 


MC3411 - Ta = 0 to 70OC 

Dual 311 -type comparator. 


MLM111 -TA = -55to 1250C 
IVILM211 -Ta = -25 to 850C 
MLM311 -TA = 0to70°C 


Packages: 

L Suffix — Case 632 
P Suffix — Case 646 


Non-lnvertlng 

Input 

Inverting 

Input 


Single comparators; high gain, high input imped¬ 
ance; strobe and balance inputs provided. 


8 Vcc 

7 Output 
6 Balance/Strobe 
5 Balance 


Packages; 

G Suffix — Case 601 
F Suffix — Case 606 
L Suffix — Case 632 
PI Suffix - Case 626 (MLM311 only) 




Device 

Number 

V|0 
mV Max 

l|B 

nA Max 

VqL 
® Iql " 

Volts Max 

MLM111 

3.0 

100 

1.5 

MLM211 

3.0 

100 

1.5 

MLIVI311 

7.5 

250 

1.5 

MC3411 

7.5 

250 

1.6 


Quad Comparators ... for applications 


requiring multiple comparators. 


MC3430 

MC3431 


30 1 

I - High-speed quad comparators with three- 
^ state Enable common to all four devices; 
±5 volt suppjy; Ta = 0 to 70°C. 


IVILM139 

MLM139A 


Ta = -55 to 1250 c 


IVIC3432 

MC3433 


32 1 

22 [ — Quad comparators with open collector 
' outputs, common strobe input; ±5 volt 
supply; Ta = 0 to 70OC. 


MC3302 

MLM239 - Ta =-40 to 850 c 

MLM239A 

MLM339 

MLM339A - TA-0to70 C 

Single supply voltage comparators. 


I - Ta = 0 to 70OC 



Packages; 

L Suffix — Case 620 
P Suffix — Case 648 


Packages: input 2 

L Suffix — Case 632 
P Suffix — Case 646 (For input 2 

all devices except 
MLM139, IVILM13gA) 



Device 

Number 

v,s 

mV Max 

<IB 

pA Max 

tPHL 
ns Max 

IVIC3430 

±6.0 

20 

46 

MC3431 

±10 

20 

45 

MC3432 

±6.0 

20 

50 

MC3433 

iio 

20 

50 


Device 

Number 

V|0 
@25»C 
mV Max 

>IB 

@250C 
nA Max 

Uink 

@ VoL = 500 mV 
mA Min 

@ lot “ 2.0 mA* 
® lOL ® 4-0 mA 
mV Max 

MC3302 

20 

1000 

- 

400* 

MLIVI139 

5.0 

100 

6.0 

600 

MLM139A 

2.0 

100 

6.0 

500 

MLM239 

5.0 

260 

6.0 

500 

MLM239A 

2.0 

250 

.6.0 

500 

MLM339 

6.0 

250 

6.0 

500 

MLM339A 

2.0 

250 

6.0 

600 










ORDERING INFORMATION 


Device 

Temperature Range 

Package 

M(31414L 

O'C to +75*0 

Ceramic DIP 

MC1414P 

0®C to +75*C 

Plastic DIP . 

MC15i4L 

-55°C to + 1250 c 

Ceramic DIP 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 

... designed for use in level detection, low-level sensing, and 
memory applications. 

• Two Separate Outputs 

• Strobe Capability 

• High Output Sink Current 

2.8 mA Minimum (Each Comparator) for (VIC1514 
1.6 mA minimum (Each Comparator) for MC1414 

• Differential Input Characteristics 

Input Offset Voltage = 1.0 mV for MCI514 
= 1.5mVforMC1414 

Offset Voltage Drift = 3.0ftV/°C for MCI514 
= 5.0MWOCforMC1414 

• Short Propagation Delay Time - 40 ns typical 

• Output Compatible with All Saturating Logic Forms 

Vq = +3.2 V to -0.5 V typical 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

moQii 

Power Supply Voltages 

Vcc 

+14 

Vdc 


VeE 

-7.0 


Differential Mode Input Voltage Range 

V|DR 

+5.0 

■EH 

Common Mode-Input Voltage Range 

V|CR 

±7.0 


Peak Load Current 

'L 

10 

mA 

Power Dissipation (Package Limitation! 

Pd 



Ceramic Dual In-Line Package 


1000 

mW 

Derate above Ta = 25°C 


6.0 

mW/°C 

Ceramic Flat Package 


500 

mW 

Derate above Ta = 25°C 


3.3 

mW/°C 

Plastic Dual In-Line Package 


625 

mW 

Derate above TA = 25°C 


5.0 

mW/°C 

Operating Temperature Range MCI514 

Ta 

-55 to+125 

°C 

MC1414 


0 to +75 


Storage Temperature Range 

Tjtg 

-65 to +150 

°C 



DUAL 

DIFFERENTIAL 
COMPARATOR 
(DUAL MCI 710) 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



LSUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



PSUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1414only) 



Output 2 










































IVIC1414, MC1514 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, 


Characteristic 


Input Offset Voltage 
(Vo = 1.4 Vdc, Ta= 250C) 
(Vo = 1.8 Vdc, Ta=T,ow*I 
(yo = LOydc,TA = Thi„h*) 


Temperature Coefficient of Input Offset Voltage 


Input Offset Current 
(Vo = 1.4 Vdc, Ta = 25°C) 
(Vo = 1.8Vdc,TA = T,ow) 
(Vo = 1.0 Vdc,TA = Thigh> 


Input Bias Current 
(Vo = 1.4 Vdc, Ta = 25OC) 
(Vo = 1.8Vdc,TA = T|ow) 
(Vo = 1.0Vdc,TA = Thinh> 


Open Loop Voltage Gain 
(Ta = 25°C) 

(Ta = T|ow 1® Thigh) 


Output Resistance 


Differential Voltage Range 


VgE = -6 Vdc, Ta = 25°C unless otherwise noted.) (Each Comparator) 


_ MC1514 

Symbol Min I Typ | Max 



High Level Output Voltage 
(ViD >5.0 mV, 0<to <5.0 mA) 

VOH 

2.5 

3.2 

4.0 

2.5 

3.2 

4.0 

Vdc 

Low Level Output Voltage 
(V|o >-5.0 mV, Iqs = 2.8 mA) 

VoL 

-1.0 

-0.5 

0 


■■ 

- 

Vdc 


Output Sink Current 

(V|D >-5.0 mV, VoL < 0.4 V, Ta = T,ow to Thigh) 


Input Common Mode Voltage Range 
(Vee = -7 0 Vdc) 


Common-Mode Rejection Ratio 
(Vee =-7.0 Vdc, Rs <200 n) 


Strobe Low Level Current 
(V|L = 0) 


Strobe High Level Current 
(V|H = 5.0Vdc) 


Strobe Disable Voltage 
(VoL<0.4 Vdc) 


Strobe Enable Voltage 
(VoH>2.4Vdc) 


Propagation Delay Time (Figure 1) 


Strobe Response Time (Figure 2) 



Total Power Supply Current, Both Comparators ^ 

(Vo<0) 1 

'cc 

•ee 

H 

12.8 

11 

18 

14 

Total Power Consumption, Both Comparators | 

Pd 


230 

300 



*T|ow = -55®C for MCI 514, 0°C for MC1414 
Thigh= +125°C for MC1514, +75°C for MC1414 


FIGURE 1 - PROPAGATION OELAY TIME 


FIGURE 2-STROBE RESPONSE TIME 


























































































































AtoI, VOLTAGE GAIN (V/V) ^ l|0, INPUT OFFSET CURRENT (mA) ' Vq, OUTPUT VOLTAGE (VOLTS) 


MC1414, MC1514 


TYPICAL CHARACTERISTICS 
(Each Comparator) 


FIGURE 3 - VOLTAGE TRANSFER 
CHARACTERISTICS 



Vjn, INPUT VOLTAGE (mV) 


FIGURE 5 - INPUT OFFSET CURRENT 
versus TEMPERATURE 



FIGURE 4 - INPUT OFFSET VOLTAGE 
versus TEMPERATURE 



FIGURE 6 - INPUT BIAS CURRENT 
versus TEMPERATUR E 



FIGURE 7 - GAIN VARIATION FIGURE 8 - VOLTAGE GAIN 

WITH POWER SUPPLY VOLTAGE versus TEMPERATURE 




























DIFFERENTIAL VOLTAGE COMPARATORS 

...designed for use in level detection, low-level sensing, and 
memory applications. 

• Differential Input Characteristics - 

I nput Offset Voltage = 1.0mV-MC1710 
= 1.5mV-MC1710C 
Offset Voltage Drift = 3.0/iV/°C - MC1710 
= 5.0/iV/oC-MCt710C 

• Fast Response Time — 40 ns 

• Output Compatible with all Saturating Logic Forms - 

Vo = +3.2 V to -0.5 V (Typ) 

• Low Output Impedance - 200 Ohms 


MAXIMUM RATINGS (T/\ = +25°c unless otherwise noted.) 


DIFFERENTIAL 

COMPARATORS 


Rating 

Symbol 

Power Supply Voltage 

VcC(max) 

'^EE(max) 

Differential Input Signal Voltage 

V|D 

Common Mode Input Swing Voltage 

V|CR 

Peak Load Current 

'L 

Power Dissipation (Package Limitations) 

Metal Package 

Derate above = +25°C 

Flat Package 

Derate above Ta = +25° C 

Ceramic Dual In-Line Package 

Derate above Ta =+25°C 

Pd 

Operating Temperature Range MCI 710 
MC1710C 

Ta 

Storage Temperature Range 

^stg 


EQUIVALENT CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1710C Only) 
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IVIC1710, MC1710C 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Vee = -6.0 Vdc, T/\ = +25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Offset Voltage 


V|0 




mVdc 

(Vo = 1.4 Vdc, Ta = +25°C) 

MC1710 


- 

1.0 

2.0 



MC1710C 


- 

1.0 

5.0 


(Vo= 1.8 Vdc, Ta =-55°C) 

MC1710 


- 

- 

3.0 


(Vo= 1.0 Vdc,TA=+125°C 

MC1710 


- 

- 

3.0 


(Vo = 1.5 Vdc, Ta = 0°C) 

MC1710C 


- 

- 

6.5 


(Vo = 1.2 Vdc, Ta = +75°C) 

MC1710C 


- 

- 

6.5 


Temperature Coefficient of Input Offset Voltage 

AV|o/AT 

- 

3.0 

, 

mV/°C 

Input Offset Current 


ho 




uAdc 

(Vo = 1.4 Vdc, Ta= +25°CI 

MC1710 


- 

1.0 

3.0 



MC1710C 


- 

1.0 

5.0 


(Vo = 1.8 Vdc, Ta = -55°C) 

MC1710 


- 

- 

7.0 


(Vo = 1.0 Vdc, Ta = +125°C) 

MC1710 


- 

- 

3.0 


(Vo= 1.5 Vdc,TA= 0°C) 

MC1710C 


- 

- 

7.5 


(Vo = 1.2 Vdc, Ta = +75°C) 

MCI 7 IOC 


- 

- 

7.5 


Input Bias Current 






‘ uAdc 

(Vo = 1.4 Vdc, Ta = +25°C) 

MC1710 


- 

12 

20 



MC1710C 


■ - 

12 

25 


(Vo= 1.8 Vdc, Ta = -55°C) 

MC1710 


- 

- 

45 


(Vo = 1.0 Vdc,TA=+125°C) 

MC1710 


- 

- 

20 


(Vo = 1.5 Vdc, Ta = 0°C) 

MC1710C 


- 

- 

40 


(Vo = 1.2 Vdc, Ta = +75°C1 

MC1710C 

HH 

- 

- 

40 


Voltage Gain 


Avpi 




V/V 

(Ta = +25°C) 

MCI 710 


1250 

1700 

- 



MC1710C 


1000 

1700 

- 


(TA=T|owto Thigh) <’> 

MC1710 


1000 

- 

- 



MC1710C 


800 

- 

- 


Output Resistance 

''o 

- 

200 

- 

Ohms 

Differential Voltage Range 

V|D 

±5.0 

- 

- 

Vdc 

Positive Output Voltage 


VOH 

2.5 

3.2 

4.0 

Vdc 

(V|D ^ 5.0 mV, 0 ^ Iq ^ 5.0 mA) 







Negative Output Voltage 


Vql 

-1.0 

-0.5 

0 

Vdc 

(V|D>-5.0 mV) 







Output Sink Current 


•Os 




mAdc 

(V|D>-5.0mV, Vo<0) 

MC1710 


2.0 

2.5 

- 



MC1710C 


1.6 

2.5 

- 


(V|D > -5.0 mV, Vo >0, Ta = T|ow) 

MC1710 


1.0 

2.0 




MC1710C 


0.5 

- 



Input Common-Mode Voltage Range 


V|CR 

±5.0 

- 

- 

Volts 

(Vee= -7.0 Vdc) 







Common-Mode Rejection Ratio 


cmrr 




dB 

(Vee = -7.0 Vdc, Rs <200 Ohms) 

MC1710 


80 

100 

- 



MC1710C 


70 

100 

- 


Propagation Delay Time 


'P 

- 

40 

- 

ns 

for Positive and Negative Going Input Pulse 







Power Supply Current 






mAdc 

(Vo<0) 


>D+ 

- 

6.4 

9.0 




Id- 


5.5 

7.0 


. Povver Consumption 

Pd 

- 

115 

150 

mW 


(1) T|ow= -55°CforMC1710, 0°Cfor MC1710C 
Thigh = +1 25°C for MCI 710, +75°C for MC1710C 
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I|0, INPUT OFFSET CURRENT feA) Vq, OUTPUT VOLTAGE (VOLTS) 



vcc, POSITIVE SUPPLY VOLTAGE (Vdc) 


Ta. ambient temperature {00 






























Device AHemate 

MC1711CG LM711CH,/iA711HG 
MC1711G — 

MC1711CL — 

MC1711L — 

MC1711CF — 

MC1711F — 

MCI 711 CP — 


Temperature 

Range 

0®C to +75‘’C 
-55“C to +125‘’C 
0 ^ to 4-75‘’C 
-SS^C to +125*C 
O'C to +75‘‘C 
-SS'C to +125“C 
CC to +75*C 


Package 

Metal Can 
Metal Can 
Ceramic DIP 
Ceramic DIP 
Ceramic Flat 
Ceramic Flat 
Plastic DIP 


MC1711 

MC1711C 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 

... designed for use in level detection, low-level sensing, and memory 
applications. 

Typical Characteristics: 

• Differential Input 

Input Offset Voltage = 1.0 mV 
Offset Voltage Drift = 5.0 juV/OC 

• Fast Response Time — 40 ns 

• Output Compatible with All Saturating Logic Forms 

Vout = '*■4.5 V to -0.5 V typica 

• Low Output I mpedance — 200 ohms 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


DUAL DIFFERENTIAL 
COMPARATOR 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+14 

Vdc 


vee 

-7.0 


Differential Input Signal Voltage 

V|DR 

±5.0 

Volts 

Common-Mode Input Swing Voltage 

V|CR 

±7.0 

Volts 

Peak Load Current 

'L 

50 

mA 

Power Dissipation (package limitation) 

Pd 



Metal Package 


680 

mVII 

Derate above Ta ” +25®C 


4.6 

mW/®C 

Flat Ceramic Package 


500 

mW 

Derate above Ta “ +25®C 


3.3 

mW/®C 

Ceramic and Plastic Dual In-Line Packages 


625 

mW 

Derate above Ta “ +25®C 


5.0 

mW/®C 

Operating Temperature Range MC1711 

Ta 

-55 to+125 

®C 

MC1711C 


0 to +75 


Storage Temperature Range 

'*'stg 

-65 to +160 

®C 
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MC17ri,MCl711C 


ELECTRICAL CHARACTERISTICS (each comparator) (Vqc = +12 Vdc, Vgg = -6.0 Vdc, = +25°C unless otherwise noted.) 




MC1711 

MC1711C 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Input Offset Voltage 

V|0 







mVdc 

(V|CR = 0Vdc,TA=+25°C) 



1.0 

3.5 


1.0 

5.0 


(V|CR # 0 Vdc, Ta = +25®C) 



1.0 

5.0 


1.0 

7.5 


(V|CR = 0 Vdc, Ta = T|ow *o Thigh*) 



- 

4.5 


- 

6.0 


(V|CR * 0 Vdc, Ta= T|ow to Thigh) 



- 

6.0 


- 

10 


Temperature Coefficient of Input Offset Voltage 

AVjo/AT 


5.0 

- 

- 

5.0 

- 

mV/°c 

Input Offset Current 

•lO 


mn 





AAdc 

(Vo= 1.4Vdc, Ta=+25°C) 




•10 


0.5 

15 


(Vo= I.SVdc, Ta = -55°C) 




20 


- 

- 


(Vo = 1.5 Vdc, Ta = 0 °C) 




- 


- 

25 


(Vo = i.OVdc, Ta = +125°C) 




20 


- 

- 


(Vo= 1.2 Vdc, Ta = +75°C) 




- 


- 

25 


Input Bias Current 

•iB 







jiAdc 

(Vo = 1.4 Vdc, Ta = +25°C) 



25 

75 


25 

100 


(Vo = 1.8 Vdc, Ta = -55°C) 



- 

150 



- 


(Vo = 1.5 Vdc, TA = 0^0 



- 

- 



150 


(Vo = 1.0 Vdc,TA= +125°C) 



- 

150 



( _ 


(Vo = 1.2 Vdc,TA =+75°C) 



- 

- 



150 


Voltage Gain 

Avol 



■■■ 




V/V 

(Ta = +25°C) 


700 

1500 


700 

1500 



(Ta = T|o,^ to Thigh) 


500 

- 


500 

- 



Output Resistance 

Ro 

- 

200 

- 

- ' 

200 

- 

ohms 

Differential Voltage Range 

V|DR 

±5.0 

- 

- 

±5.0 

- 

- 

Vdc 

High Level Output Voltage 

Vqh 

2.5 

3.2 

5.0 


3.2 

5.0 

Vdc 

(V|D>10mVdc, 0<lo<5.0mA) 





■i 




Low Level Output Voltage 

VOL 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

Vdc 

(VtD>-''0'T'Vdc) 









Strobed Output Level 

VOL(st) 

-1.0 

- 

0 

-1.0 

- 

0 

Vdc 

- (Vstrobe<0.3Vdc) 









Output Sink Current 

'Os 

0.5 

0.8 

- 

0.5 

0.8 

- 

mAdc 

(Vjn >-10 mV, Vo>0) 









Strobe Current 


_ 

1.2 

2.5 

- 

1.2 

2.5 

mAdc 

(Vstrobe ~'•00 onVdc) 









Input Common-iyiode Range 

V|CR 

±5.0 

■ - 

- 

±5.0 

- 

- 

Volts 

(VEE = -7-0Vdc) 









Response Time 


- 

40 

- 


40 

_ 

ns 

(Vb = 5.0 mV +V|o) 









Strobe Release Time 

ISR 


12 

- 

- 

12 

. - 

ns 

Power Supply Current 

•cc 

■■HI 

8.6 

- 

- 

8.6 

- 

mAdc 

(Vo <0 Vdc) 

'EE 

imu 

3.9 

- 

- 

3.9 

- 


Power Consumption 


- ■ 

130 

200 

- 

130 

200 

mW 


*T|ow = -55°C for MC1711,0°C for MC1711C 
Thjgh= +125°C for MC1711, +75°C for MC1711C 
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Vo, OUTPUT VOLTAGE (VOLTS) 





MC1711, MC1711C 


TYPICAL CHARACTERISTICS 


FIGURE 2 - INPUT BIAS CURRENT 
versus TEMPERATURE 


FIGURE 1 - VOLTAGE 
TRANSFER CHARACTERISTICS 


t, TIME (ns) 


TA. AMBIENT TEMPERATURE, ("O 


60 -40 -20 0 +20 +40 +60 +80 +100 +12 


Ta, AMBIENT TEMPERATURE, (°C) 


FIGURE 4 - RESPONSE TIME 
FOR VARIOUS INPUT OVERDRIVES 


-20 0 +20 +40 +60 +80 +100 +120 +140 

Ta, AMBIENT TEMPERATURE, (‘0 

FIGURE 5 - VOLTAGE GAIN VARIATION 
WITH POWER SUPPLY VOLTAGE 


t, TIME (ns) 

FIGURE 6 - STROBE RELEASE TIWjE 
FOR VARIOUS INPUT OVERDRIVES 


.0 -4.0 -2,0 0 +2.0 +4.0 +6.0 +8.0 +10 

Vin, INPUT VOLTAGE, (mV) 


FIGURE 3 - VOLTAGE GAIN 
versus TEMPERATURE 


VCC = +12V 
Vee = -6.0V 
Ta = +25'>C 


VCC = +12 V 
Vee = -6.0 V 
Ta = +2500 
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Vq, OtrTPUT V|CR. CQttMON MODE INPUT VOLTAGE 






























ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC3302L ■ 

-55-0 to -l■125°C 

Ceramic DIP 

MC3302P 

-40”C to -+85°C 

Plastic DIP 


QUAD SINGLE-SUPPLY COMPARATOR 

These comparators are designed specifically for single positive- 
power-supply Consumer Automotive and Industrial electronic ap¬ 
plications. Each MC3302P contains four independent comparators — 
suiting it ideally for usages requiring high density and low-cost. 

• Wide Operating Temperature Range —40 to ■^85°C 

• Single-Supply Operation - +2.0 to +28 Vdc 

• Differential Input Voltage = ±Vcc 

• Compare Voltages at Ground Potential 

• MTTL Compatible 

• Low Current Drain - 700/iA typical @ Vcc +5.0 to +28 Vdc 

• Outputs can be Connected to Give the Implied AND Function 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Note 1. Requires an external resistor, R|_, to limit current below maximum rating. 

Note 2. If either (+) or (-) inputs of any comparator go more than several tenths of a volt 
below ground, a parasitic transistor turns "on" causing high input current and pos¬ 
sible faulty outputs. 


MC3302P 


QUAD COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Rating 

Symbol 

Value 

Unit 

Power Supply Range 

Vcc 

+2.0 to +28 

Vdc 

Output Sink Current (See Note 1) 

'0 

20 

mA 

Differential Input Voltage 

V|DR 

±Vcc 

Vdc 

Common-Mode Input Voltage Range (See Note 2) 

V|CR 


Vdc 

Power Dissipation (Package Limitation) 

Pd 

625 

mW 

Derate above Ta = +25°C 


5.0 

mW/°C 

Operating temperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


(top view) 


PLASTIC PACKAGE 
CASE 646 























































MC3302P 


ELECTRICAL CHARACTERISTICS (Vqj; = +15 Vdc, T/\ = +25®C (each comparator) unless otherwise noted.) 
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NORMALIZEO,OFFSET VOLTAGE 


MC3302P 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, T/y = +25°C (each comparator) unless otherwise noted.) 

FIGURE 3 - INPUT OFFSET VOLTAGE FIGURE 4 - OFFSET BIAS CURRENT 



Ta, AMBIENT TEMPERATURE (“0 



FIGURE 5 - INPUT BIAS CURRENT 



Vcc (Vdc) 


TYPICAL APPLICATIONS 

FIGURES - FREE-RUNNING SQUARE-WAVE OSCILLATOR FIGURE 7 - TIME DELAY GENERATOR 
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IVIC3302P 


TYPICAL APPLICATIONS (continued) 


FIGURE 8 - COMPARATOR WITH HYSTERESIS 


FIGURE 9 - THE COMPARATOR AS AN 
OPERATIONAL AMPLIFIER 


Vcc 



Vthi = Vref + 

Vth2»Vref- 


(VCC-Vfe()Rl 
R1 + R2 + RL 
(Vref - Vo Low) R1 
R1t-R2 + RL 



and Vq can go to approximately 0 Vdc. 


6 
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XC3411 


Product Preview 


DUAL '111 TYPE COMPARATOR 

The MC3411 single/split povyer supply comparators are dual 
versions of popular MLM111 series single comparators. These 
versatile devices feature low input currents and low offsets. Outputs 
can sink currents up to 50 mA. 


SUGGESTED COMPARATOR DESIGN CONFIGURATIONS 


SPLIT POWER-SUPPLY with 
OFFSET BALANCE 


SINGLE SUPPLY 




GROUND-REFERRED LOAD 



LOAD REFERRED to 
NEGATIVE SUPPLY 




Input polarity is reversed when' 
GND pin is used as an output. 


LOAD REFERRED to 
POSITIVE SUPPLY 


Input polarity is reversed when 
GND pin is used as an output. 



DUAL 

HIGH PERFORMAIMCE 
VOLTAGE COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



PIN CONNECTIONS 


Non-Inverting 
Input 
I nverti n p 
Input 


Collector 

Output 



Collector 

Output 

Balance/ 

Strobe 


Non-Inverting 
Input 
Ernitter 
Output 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 



Pin compatible to LH2111 Series. 
(Move XG3511 back in socket to leave 
pins 1 and 16 open.) 


This is advance information and specifications are subfect to change without notice. 














MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Total Supply Voltage 

Vcc + IVeeI 

Output to Negative Supply Voltage 

Vo-Vee 

Ground to Negative Supply Voltage 

Vee 

Input Differential Voltage 

V|D 

Input Voltage (1) 

Vin 

Power Dissipation 

Plastic and Ceramic Packages 

Derate above Ta = +25°C 

Pd 

Operating Ambient Temperature Range 

Ta 

Storage Temperature Range 

^stg 



0 to +70 


-65 to +150 



ELECTRICAL CHARACTERISTICS (Vcc = +15 V, = -15 V, = +25°C unless otherwise noted.) 


Characteristic Symbol 


Input Offset Voltage (2) |V|ol 

RS < 50 kn, Ta = +25°C 
RS < 50 kn, 0°C < Ta < 70°C 


Input Offset Current (2) 
Ta = +25°C 
0°C < Ta < 70°C 


Input Bias Current 
Ta = +25°C 
OOC < Ta < 70°C 


Voltage Gain 


Response Time (3) 


Saturation Voltage 

Ta = +25°C, ViD < -10 mV, Iq = BO mA 
0°C, < Ta < 70°C, Vcc > 4.5 V, Vge = 0, 
V|Q <-10 mV, Ijink < 8-0 hiA 


Strobe "On" Current 


Output Leakage Current 

Ta =+ 25OC, V|D > 10 mV, Vo = 35 V 


Input Voltage Range 
0°C < Ta < 70°C 


Positive Supply Current 


Negative Supply Current 


Notes: 

1. This rating applies for ± 15-volt supplies. The positive input voltage limit is 30 volts above the negative supply. The negative input 
voltage limit is equal to the negative supply voltage or 30 volts below the positive supply, whichever is less. 

2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 
a 1.0-mA load. Thus, these parameters define an error band and take into account the "worst-case" effects of voltage gain and input 
impedance. 

3. The response time specified is for a 100-mV input step with 5.0-mV overdrive. 



THERMAL INFORMATION 


The maximum power consumption an iritegrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

_ _ Tj<rnax) "Ta 

■ R0JA(Typ) 

Where: Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R 0 jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


MOTOROLA Semiconductor Products inc. 
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QUAD DIFFERENTIAL VOLTAGE 
COMPARATOR/SENSE AMPLIFIERS 

The l\/IC3430 thru MC3433 high-speed comparators are ideal for 
application as sense amplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset 
voltage, input offset current, voltage gain, temperature variations 
and input common-mode range into a single functional parameter. 
This parameter, called Input Sensitivity, specifies a minimum differ¬ 
ential input voltage which will guarantee a given logic state. Four 
variations are offered in the comparator series. 

The l\/IC3430 and MC3431 versions feature a three-state strobe 
input common to all four channels which can be used to place the 
four outputs in a high-impedance state. These two devices use 
active-pull-up MTTL compatible outputs. The l\/IC3432 and MC3433 
are open-collector types which permit the implied AND connection. 
The MC3430 and MC3432 versionsare specified for a ±7.0 mV input 
sensitivity over the 0 to 70°G temperature range, while the MC3431 
and MC3433 are specified for±12 mV. 

• Propagation Delay Time - 40 ns 

• Outputs Specified for a Fanout of 10 (MC7400 type loads) 

• Specified for all conditions of ±5% Powfer Supply Variations, 

Operating Temperature Range, Input Common-Mode Voltage 
Swing from -3.0 V to 3.0 V, and Rs ^ 200 ohms. 


QUAD HIGH-SPEED 
VOLTAGE COMPARATORS 

SFLICON MONOLITHIC 
INTEGRATED CIRCUITS 
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MC3430, MC3431, MC3432, MC3433 


I 111 i 11? rckin 



= 0 to •t-70°C unless otherwise noted.) 


Ratin 


Power Supply Voltage 


Differential Mode Input Signal Voltage Range 


Common-Mode Input Voltage Range 


Strobe Input Voltage 


Output Voltage (MC3432 — 33 versions) 


Junction Temperature 
Ceramic Package 
Plastic Package 


Operating Temperature Range 


Storage Temperature Range 


RECOMMENDED OPERATING CONDITIONS (T/^ = Oto +70°C unless otherwise noted.) 


Characteristic Symbol 


Power Supply Voltages Vcc 

Vee 


Output Load Current I Iqe 


Differential-Mode Input Voltage Range I V|Qp 


Common-Mode Input Voltage Range I Vicp 


Input Voltage Range (any input to Ground) 


ELECTRICAL CHARACTERISTICS (Vcc “ 5-® '^EE -5.0 Vdc, T/^ = 0°C to +70°C unless otherwise noted.) 

Typical Values are Measured at Ta = 25°C 


Characteristic 


Input Sensitivity (See Discussion on Page 3) 

(RS <200 Ohms) 

(Common Mode Voltage Range = -3.0 V <V.jn <3.0 V) 
4.75 < Vcc < 5,25 V ^ oc i MC3430, MC3432 
-4,75>Vee>-6.25V L ) mc3431, MC3433 

(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
4.75 < Vcc 5.25 V ^ =oto70°C^ MC3430, MC3432 
-4.75> Vee >-5.25 V ^ IMC3431.MC3433 



Input Offset Voltage 
(Rs <200 Ohms) 


Input Bias Current 

(Vcc = 5.25 V, Vee = -5-25 V) 


MC3430, MC3432 
MC3431, MC3433 


Input Offset Current 


Voltage Gain 


Strobe Input Voltage (Low State) 


Strobe Input Voltage (High State) 


Strobe Current (Low State) 

(Vcc = 5.25 V, Vee = -5.25 V, Vjn = 0.4 V) 


Strobe Current (High State) 

(Vcc= 5.25 V, Vee = -5.25 V„Vjn= 2.4 V) 
(Vcc = 5.25 V, Vee = -5.25 V, Vjn = 5.25 V) 


Output Voltage (High State) 

do = -400 mA, Vcc = 4-25 V, Vee = -4.25 V) 


Output Voltage (Low State) 
do = 16 mA, Vcc = 4.75 V, Vee = 4.75 V) 


Output Leakage Current 

(Vcc = 4.75 V, Vee = -4.75 V, Vo = 5.25 V) 


Output Current Short Circuit 

(Vcc = 5.25 V, Vee =-5.25 V) 


Output Disable Leakage Current 
(Vcc = 5.25 V, Vee =-5.25 V) 


High Logic Level Supply Currents 
(Vcc = 5.25 V, Vee =-5.25 V) 



MOTOROLA Semiconductor Products Inc. 
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MC3430, MC3431, MC3432, MC3433 


A UNIQUE FUNCTIONAL PARAMETER FOR COMPARATORS 


A unique approach is used in specifying the MC3430-33quad 
comparators. Previously, comparators have been specified as linear 
devices with common operational amplifier type parameters such 
as voltage gain (A^oi), input offset voltage (V|q), input offset 
current (l|o) and common-mode rejection ratio (CMRR). This is 
true despite the fact that most comparators are seldom operated in 
their linear region because it is difficult to hold a high gain com¬ 
parator in this narrow region. Comparators are normally used to 
"detect" when an unknown voltage level exceeds a given reference 
voltage. 

The most desirable comparator parameter is what minimum dif¬ 
ferential input voltage is required at the comparator's input ter¬ 
minals to guarantee a given output logic state. This new and im¬ 
portant parameter has been called input sensitivity (V/fs) and is 
analagous to the input threshold voltage specification on a core 
memory sense amplifier. The input sensitivity specification in¬ 
cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 

In order to make this parameter as inclusive as possible on the 
MC3430-33 series quad comparators, the input sensitivity is speci¬ 
fied within the following conditions: 

Commercial Temperature Range — Oto 70°C 
Power Supply Variations — ±5% (all conditions) 

Input Source Res'istance — ^200 Ohms 
Cdmmon-Mode Voltage Range —3.0 V to +3.0 V 
Note: Typical values have been included on the omitted parameters 
for applications where the offset voltages are externally nulled. 

Voltage gain is defined as the ratio of the resulting AVq to a 
change in the V|or using conditions at which the V|o and l|o 
are nulled. Thus, for worst case MTTL logic levels, the required 
output voltage change is 2.0 V (Vqih’’’''’ ~ VoL^^^x = 2.4 V — 


0.4 V). If 2.0 mV are required at the input terminals to induce 
this change in logic state, the voltage gain would be 1000 V/V. 

Gain however is not the only factor affecting the logic tran¬ 
sition. Normally input offset voltages, that are not externally 
nulled, can add an appreciable error that drastically overshadows 
the comparator gain. Therefore, the 2.0 mV for example, required 
to cause the logic transition is . often masked. An input offset 
voltage of up to 7.5 mV might be required to reach the linear 
region. A further consideration is the input offset current of up to 
±10 pA flowing through the matched 200-Ohm source resistors at 
the input terminals which can create an additional error of ±2.0 
mV. in order to determine a worst case input sensitivity, it must 
be assumed that minimum specified gain and maximum specified 
offset voltage and current conditions exist. Also it must be as¬ 
sumed that these three factors are cumulative, requiring a worst 
case input of: 

Logic Transition = 2.0 mV 

Vjo = 7.5 mV 

l|0 of ±10 pA thru 200-Ohm resistor = 2.0 mV 
Therefore, 2 + 7.5 + 2 = 11.5 mV. 

The effects of power supply voltage variations, temperature 
changes and common-mode input voltage conditions have not 
been considered, as they are not present in the gain and offset 
qaecifications on most comparators. 

Thus, the input sensitivity specification greatly reduces the 
effort required in determining the worst case differential voltage 
required by a given comparator type. 

Table I compares the worst case input sensitivity of three 
popular comparator types at both room temperature and over the 
specified commercial temperature range (0 to 70®C). This sensi¬ 
tivity was computed from the specified voltage gain, offset voltage 
and offset current limits. 


TABLE I - WORST CASE COMPARISONS 



Ta = 25»C 

TA“0to7O°C 

Type 

Number 

Vio 

mV 

Max 

PM 

Differential Input 
Voltage Required 
for 3.0 V Output 
Change 

ho 

RS'200n 

mA 

Max 

Error Voltage 
Generated Into 
200 n Source 
Resistors 

Total 

Sensitivity 

mV 

ViO 

mV 

Max 

Avot* 

V/V 

Typ 

Differential Input 
Voltage Required 
for 3.0 V Output 
Change 

ho 

Bs = 200 n 

«A 

Max 

Error Voltage 
Generated Into 
200 SI Source 
Resistors 

Total 

Sensitivity 

mV 

MC3430, 

MC3432 

■ 

- 

- 

- 

- 

6.0 

g 

- 

- 

- 

- 

7.0 

MC3431, 

MC3433 

B 

- 

- 

- 

- 

10 

H 

- 


- 

- 

12 

MC1711C 


1500 

. 2.0 mV 

15 

3.0 mV 

10 


1000 

3.0 mV 

25 

5.0 mV 

13 

MLM311 

m 

200 k 

0.015 mV 

6.0* • 

0.0012 mV 

7.516 

M 

100 k 

0.030 mV 

70* • 

0.014 mV 

10.04 


•Typical values given, as minimum gain not always specified. 
**l|0 measured in nA 


FIGURE 2 - GUARANTEED OUTPUT STATE versus 
DIFFERENTIAL INPUT VOLTAGE 


FIGURE 3 - GUARANTEED OUTPUT STATE versus 
INPUT VOLTAGE 


_ 3.0 


1.5 


Uncertainty 

Region 

- MC3430 - 
. MC3432 . 
I 


-Uncertainty- 
Region . 
MC3431 ■ 
MC3433 ■ 


.Guaranteed. 
VOL 

■ MC3430 ■ 
Iflj— MC3432 
Only 

0.5' 


Guaranteed 

Vql Ali device types 






~T- 1 — 

-Guaranteed- 
- Vqh 
Ali device 
" types 




.Guaranteed. 
VOH 
MC3430 
MC3432 - 
Only 


3.0 V < V|CR < 3.0 V 
4.75 V<VCC< 5.25 V[ 

[-4.75 V^VEE >-5.25 V 

0“C<Ta< 70OC 
RS<200f2 


■5.25 V 

3 


-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 

DIFFERENTIAL INPUT VOLTAGE (mV) 



MOTOROLA Semicon€tuctor Products Inc. 
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MC3430, MC3431, MC3432, MC3433 































































MC3430, MC3431, MC3432, MC3433 


FIGURE 5 - STROBE PROPAGATION DELAY tp|,H(S) AND tpHi.(s) 

+5.0 V 



EinCn.) Sso 


Output of Channel 8 shown under test, other channels are tested simiiariv. 



Ein waveform characteristics; 

and < 10 ns measured 10% to 90%. 

PRR = 1.0 MHz 
Duty Cycle - 50% 


FIGURE 6 - DIFFERENTIAL INPUT PROPAGATION DELAY tp|,H(D) AND tpHL(D) 

♦5.0 V 


VreF + V|s 

+5.0 mV- 

1 Vref 

0 v_:—^ 
*plh(’d)—• 

VOH- 




Output of Channel 6 shown under test, other channels are tested similarly. 

SI at "A" for MC3430, MC3431 Device Vref mV 

SI at "B" for MC3432, MC3433 MC3430 11 

Cl = 50 pF total for MC3430, MC3431 MC3431 15 

Cl = 15 pF total for MC3432, MC3433 MC3432 11 


Efrt waveform characteristics; 

tTLH ^THL ^ measured 10% to 90%. 

PRR = 1.0 MHz 

Duty Cycle « 50% 














tNPUT OFFSET VOLTAGE (mV) - OUTPUT VOLTAGE 3 OUTPUT VOLTAGE 


MC3430, MC3431, MC3432, MC3433 



FIGURE 12 - AVERAGE INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


FIGURE 13- RESPONSE TIME versus TEMPERATURE 
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MC3430, MC3431, MC3432, MC3433 


APPLICATIONS INFORMATION 

FIGURE 14 - 4-BIT PARALLEL. A/D CONVERTER 


2° = lA * B) (C + O) (1 4 

equivT J T i:o 7liF 2 ^ = (1 + D) (f'+J) (L * N) (R) 

i ~ 22 = (0 + J)<N) 

ilo=60mA 

*- yEach Comparator 

3 I / 1/4 of MC3432 Conversion Time ^50 ns 


2° = lA + B) (C + O) (E + F) (H + J) (K + L) (M + N) {P + R) (S) 

2^ = (1 + D) (f'+ J) (L ♦ N) (R) 

,r.i 5.0 V O 


2'‘ = (O + J) <N) 



FIGURE 15 - LEVEL DETECTOR WITH HYSTERESIS 


FIGURE 16 - TRANSFER CHARACTERISTICS AND 
EQUATIONS FOR FIGURE 15 










'^low 









'^high 1 






-Vh 














- V , R2 (Vo(max) " VrefI 
Vh.9h=Vref+ — 

w V, . . R2 (Vo(min) - VrefI 

V,ow= ---- 

Hysteresis Loop (V^,) 

R2 

'/h “ Vhigh ” + R2 ” ^O(min)^ 


MOTOROLA Semiconductor Products Inc.—r— --- 


6-29 



















MC3430, MC3431, IVIC3432, MC3433 


FIGURE 17 - DOUBLE ENDED LIMIT DETECTOR 


FIGURE 18 - VOLTAGE TRANSFER FUNCTION 



THERMAL INFORMATION 



The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

„ Tj(max) -Ta 

" R0JA(Typ) 

Where: Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperatufe. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^jA(Typ) = Typical Thernial Resistance Junction to 
Ambient 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
conripiete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


MOTOROLA SGmiconduct^^r Products Inc. 


6-30 











ORDERING INFORMATION 


Device Alternate 


MLM311G LM311H 

MLM311P1 LM311N 

MLM311L.U — 

MLM311F — 

MLM211G — 

MLM211L,U — 

MLM211F — 

MLM111G — 

MLM111L,U — 

MLM111F — 


Temperature 

Range 


O'C to +70°C 
O'C to +70‘’C 
0°C to +70‘’C 
O^e to +70°C 
-25°C to +85°C 
-25‘G to +85‘’C 
-25'’C to +85'>C 
-SS'C to +125°C 
-55°C to +125“C 
-SS'-C to +125‘‘C 


Package 


Metal Can 
Plastic DIP 
Ceramic DIP 
Ceramic Flat 
Metal Can 
Ceramic DIP 
Ceramic Flat 
Metal Can 
Ceramic DIP 
Ceramic Flat 


HIGHLY FLEXIBLE VOLTAGE COMPARATORS 

The ability to operate from a single power supply of 5.0 to 30 
volts or ±15-voIt split supplies, as commonly used with operational 
amplifiers, makes the MLM111/MLM211/MLM311 a truly versatile 
comparator. Moreover, the inputs of the device can be isolated from 
system ground while the output can drive loads referenced either to 
ground, the Vcc o'" the Vee supply. This flexibility makes it 
possible to drive MDTL, MRTL, MTTL, or MOS logic. The output 
can also switch voltages to 50 volts at currents to 50 mA. Thus the 
MLM111/MLM211/MLM311 can be used to drive relays, lamps or 
solenoids. 


SUGGESTED COMPARATOR DESIGN CONFIGURATIONS 


SPLIT POWER-SUPPLY with 
OFFSET BALANCE 


SINGLE SUPPLY 




GROUND-REFERRED LOAD 


LOAD REFERRED to 
NEGATIVE SUPPLY 




Input polarity it reversed when 
GND pin is used as an output. 


LOAD REFERRED to 
POSITIVE SUPPLY 


Input polarity is reversed when 
GND pin Is used as an output. 


STROBE CAPABILITY 



MLM111 

IIIILM211 

MLM311 


HIGH PERFORMANCE 
VOLTAGE COMPARATORS 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


F SUFFIX 

CERAMIC PACKAGE 
CASE 606 
TO-91 



G SUFFIX 
METAL PACKAGE 
CASE 601 





L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MLM311 Only) 




USUFFIX 

CERAMIC PACKAGE 
CASE 693 
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MLM111, IVILM211, MLMSII 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

MLM111 

MLM211 

MLM311 

Total Supply Voltage 

Vcc + |vee4 

36 

36 

Vdc 

Output to Negative Supply Voltage 

< 

o 

1 

< 

m 

m 

50 

40 

Vdc 

Ground to Negative Supply Voltage 

vee 

30 

30 

Vdc 

Differential Input Voltage 

V|D 

±30 

±30 

Vdc 

Input Voltage (See Note 1) 

Vin 

±15 

±15 

Vdc 

Power Dissipation (Pkg. Limitation) 

pd 




Metal Package 


680 

mW 

Derate above T/\ = +25°C 


4.6 

mW/°C 

Flat Package 


500 

mW 

Derate above T/\ = +25°C 


3.3 

mW/°C 

Plastic* and Ceramic Dual In-Line Packages ' 


625 

mw 

Derate above T^ = +25°C 


5.0 

mW/°C 

Operating Temperatures Range 

Ta 



■■llgllllllllll 

MLM111 


“55 to +125 

- 


MLM211 


-25 to +85 

- 


MLMSII 



0 to +:70 


Storage Temperature Range 

Tstg 

-65 to +150 

-65 to +150 

°c 


*MLIVI311P1 only is available in the plasticdual in-line (lackage. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VgE " -15 V,Ta ° ^•25°C unless otherwise noted.) 


' Characteristic 

Symbol 

MLM111 

MLM211 

MI.M311 

Unit 

Min 

BuEHl 

Max 

m[Qii 

Typ 

ESI 

Input Offset Voltage (See Note 2.) 

|V|Ol 



Ml 

HI 



mV 

Rs <50kn, Ta =+2S°C 







7.5 


Rg <50 kn, Tigyv* <Ta <Thigh* 


IBH 


Bi 

Hi 

iBm 

10 


Input Offset Current (See Note 2.) 

I'lOl 

mum 



mmi 


Hi 

nA 

Ta = +25°C 



4.0 

10 


6.0 

mm 


T|ow ^^high 


mSH 

- 

20 

Bi 

- 

■9! 


Input Bias Current 

'IB 

mmH 





Hi 

nA 

Ta = +25°C 



60 

100 


100 



^low ^^A ^^high 


iiimiiii 

- 

150 

Bi 

- 

mm 


Voltage Gain 

Av 

- 

200 

- 

- 

200 

- 

V/mV 

Response Time (See Note 3.) 

ITLH 

- 

200 

- 

- 

200 

- 

ns 

Saturation Voltage 

VOL 

imH 



mu 



V 

Ta =+25°C, V|D <-5.0 mV, Iq = 50 mA 



0.75 

1.5 


■ - 

- 


V|D <-10 mV, iQ = 50 mA 



- 

- 


0.75 

1.5 


T|ow <Ta <Thigh, Vcc >4.5 V, Vee = 0 





^^m 




Vto <-6.0 mV, Ijjnk <8.0 mA 



0.23 . 

0.4 


- 

■ ." 


V|D <-10 mV, Ijink <8.0 mA 


amn 


, - 

imii 

0.23 

0.4 


Strobe "On" Current 

's 


3.0 

- 


3.0 


mA 

Output Leakage Current 

•OL 




mHj 




Ta = +25°C, ViD >5.0 mV, Vq = 35 V 



0.2 

10 


- 

- 

nA 

V|D>10mV, Vo = 35V 



- 

■■ 


0.2 

50 

nA 

T|ow <Ta <Thigh. V|D >5.0 mV, Vq = 35 V 


mill 

0.1 

Bi 

Bi 

- 

- 

mA 

Input Voltage Range 

V|R 



mmi 




V 

T|ow ^1^A <Thigh 


- 

±14 


- 

±14 

- 


Positive Supply Current 

•cc 

- . 

IIIIIQ^QIIIIIII 



+5.1 

mum 

mA 

Negative Supply Current 

'EE 

- 

-4.1 

-5.0 


-4.1 

mmi 

mA 


*T|ow=-55°Cfor MLMIII Thigh =+125°C for MLM111 

=-25°GforMLM211 =-^85°Cf0rlVlLM211 

= Ofor MLM311 =+70°C for MLM311 , 

Note 1. This rating applies for ±15-volt supplies. The positive input voltage limit is 30 volts above the negative Supply. The negative input 
voltage limit is equal to the negative supply voltage or 30 volts below the positive supply, whichever is less. 

Note 2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply 
with a 1.0-mA load. Thus, these parameters define an error band and take into account the "worst case" effects of voltage gain and 
input impedance. 

Note 3. The response'time specified is for a lOO-mV input step with 5-0-mV overdrive. 
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V(sat),SATURATION VOLTAGE (V) 


MLMIIl, MLM211, MLMSn 


FIGURE 1 - CIRCUIT SCHEMATIC 



POSITIVE COMMON-MODE LIMIT REFERENCED 
TO Vcc (VCC - V) 






























MLMiri, MLM211, MLM311 


APPLICATIONS INFORMATION, , 


FIGURE 6 - ZERO-CROSSING DETECTOR DRIVING 

MOS LOGIC FIGURE 7-RELAY DRIVER WITH STROBE CAPABILITY 












ORDERING INFORMATION 


Device 

Alternate 

Temperature 

Range 

Package 

MLM139L 

— 

-55°C to -t-125‘’C 

Ceramic DIP 

MLM239L 

— 

-40‘‘C to -l-85°C 

Ceramic DIP 

MLM239P 

— 

-40°C to -i-BS'C 

Plastic DIP 

MLM339L 

— 

O'C to -p70°G 

Ceramic DIP 

MLM339P 

LM339N 

0°C to -i-70'’C 

Plastic DIP 



MLM339 


QUAD SINGLE-SUPPLY COMPARATORS 

, These comparators are designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications. 

• Power Supply Options— 

Single Supply = 2.0 to 36 Vdc 
Split Supplies = ± 1.0-± 18 Vdc 

• Wide Operating Temperature Range —55 to -t-125°C 

• Low Supply Current Drain — 2.0 mA (Max) 

• Low Input Biasing Current — 25 nA (Typ) 

• Low Input Offset Voltage — 5.0 mV (Max) 

• TTL and CMOS Compatible 


MAXIMUM RATINGS 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Input Common Mode Voltage Range 


Output Sink Current 


Power Dissipation @Ta = 25°C 
Ceramic Package 
Derate above 25°C 
Plastic Package 

Derate above 25°C 


Operating Ambient Temperature Range 
MLM139 
MLM239 
MLM339 


Storage Temperature Range 



QUAD COMPARATORS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 





FIGURE 1 — CIRCUIT SCHEMATIC (Diagram shown is for 1 comparator) 

















































MLM139, MLM239, MLM339 


ELECTRICAL CHARACTERISTICS (Vcc = -*^5.0 Vdc, Ta 25°Cunless otherwise noted.) 


Input Offset Voltage 

IVref 1.4 Vdc, Vn = 1.4 Vdc, Rs = 0) 


Input Offset Current 


Input Bias Current 


Input Common Mode Voltage Range (Note 1) 



lu!!!l ESI EuEl E3!ll CIS 09 E2S3 CS31 


I mi 023 

100011911111 ^ 31^9119 





Supply Current 
(Rl = ~) 


Response Time (Note 2) 

(Vrl = 5.0 Vdc, Rl = 5.1 kn) 


Output Sink Current 

(V|(_) > +1.0 Vdc, V|(+) = 0, Vo < +1.5 Vdc) 
(V|(_) > +1.0 Vdc, V|(+) =0, Vq < SOOmVdc) 


Saturation Voltage 

(V|(_) > +1.0 Vdc, V|(+) = 0, Isink ^ 4.0 mAdc) 
(VK-) > +1.0 Vdc, V|(+) = 0, Ijink < 6-0 mAdc) 


Voltage Gain (Vcc “15 V) 
(Rl >15 kn) 


Output Leakage Current 

(V|(+) >+1.0 Vdc, V|(.) = 0, Vq = 5.0 Vdc) 


PERFORMANCE CHARACTERISTICS — Guaranteed Over Temperature Range (V 


I -55to+125“C I -40“Cto+85“C | 0° to TO^C 

Characteristic Symbol 


Input Offset Voltage 

(Vref =+1-4 Vdc, Vo = 1.4 Vdc, Rs = 0) 


Input Offset Current 


Input Bias Current 


Input Common Mode Voltage Range 


Saturation Voltage 

(V|(_) > 1.0 Vdc, V|(+) = 0, Ijink ^ 4.0 mAdc) 


Output Leakage Current 

(V|(+) > I.OVdc, V|(_) =0, Vo = 30 Vdc) 


Input Differential Voltage 
(All V| > 0 Vdc) 


Notes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range is Vcc "T5 V, but either or both inputs can go to +30 Vdc without damage. 

2. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger signals, 300 ns is typical. 





• 2 - INVERTING COMPARATOR WITH HYSTERESIS 


FIGURE 3 - NON-INVERTING COMPARATOR WITH 
HYSTERESIS 



Vcc 

IrEF + R1 


R3 = Rl // Rref// *^1 
R1//RREF 



RIZ/RrEF + R2 


(Vomax “Vomin) 


R2 R1//RreF 
Amount of Hysteresis V^/| 


(Vo max “ Vomin^ 


MOTOfiOLA Semiconductor Products Inc. 
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NORMALIZED OFFSET CURRENT NORMALIZED OFFSET VOLTAGE 


MLIVI139, IVILIVI239, MLM339 





















IVILM139,IVILM239, MLM339 


APPLICATIONS INFORMATION 


The MLM139, MLM239 and MLM339 are quad com¬ 
parators having high gain, wide bandwidth characteristics. 
This gives the device oscillation tendencies if the outputs , 
are capacitively coupled to the inputs vi^a stray capacitance. 
This oscillation manifests itself during output transitions 
(Vql to Vqh)- To alleviate this situation input resistors 


<10 kf2 should be used. The addition of positive feedback 
«10 mV) is also recommended. 

It is good design practice to ground all unused pins. 
Differential input voltages may be larger than supply 
voltage without damaging the comparator's input voltages. 
More negative than -300 mV should not be used. 


FIGURE 10 - ZERO CROSSING DETECTOR 
(Single Supply) 


FIGURE 11 - ZERO CROSSING DETECTOR 
(Split Supplies) 


Vifvjmin **0 '^ ^ peak for 1% phase distortion (a0 ). 


R1 R4 R5 < 

8.2 k 220 kp20k; 

-vw—♦—wv—•- 

R1 6.8 k 




D1 prevents input from going negative by more than 0.6 V. 

R1 + R2 = R3 
R5 

R3 ^ -tt; small error In zero crossing 



R 

r 

1 

1 


1 

1 



MOTOROLA Scmic€>n€iuct€>r Rroeiucts Inc. 


6-38 




ORDERING INFORMATION 


Device 

Alternate 

Temperature 

Range 

Package 

MLM139AL 

— 

-55°C to +125°C 

Ceramic DIP 

MLM239AL 

— 

-40°C to -f-85'’C 

Ceramic DIP 

MLM239AP 

— 

-40°C to -f85°C 

Plastic DIP 

MLM339AL 

— 

0°C to +70'‘C 

Ceramic DIP 

MLM339AP 

LM339AN 

0°C to +70“C 

Plastic DIP 


QUAD SINGLE-SUPPLY COMPARATORS 

These comparators are designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications. 

• Power Supply Options — 

Single Supply = 2.0 to 36 Vdc 
Split Supplies = ± 1.0 -±18 Vdc 

• Wide Operating Temperature Range — -55 to +125°C 

• Low Supply Current Drain — 2.0 mA (Max) 

• Low Input Biasing Current — 25 nA (Typ) 

• Low Input Offset Voltage — 2.0 mV (Max) 

• TTL and CMOS Compatible 


MAXIMUM RATINGS 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Input Common Mode'Voltage Range 


Output Sink Current 


Power Dissipation = 25 C 
Ceramic Package 

Dferate above 25°C , 
Plastic Package 

Derate above 25°C 


Operating Ambient Temperature Range 
MLM139A 
MLM239A 
IVILM339A 


Storage Temperature Range 



MLM139A 

MLM239A 

MLM339A 


QUAD COMPARATORS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MLIV1239A and 
IVILIVI339A only) 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 




FIGURE 1 — CIRCUIT SCHEMATIC (Diagram shown is for 1 comparator) 















































MLM139A, MLM239A, MLM339A 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc. Ta = 25°C unless otherwise noted.) 


Characteristic 


M 

LM13! 

>A 

MLM239A 

MLM339A 

Unit 


Em 

^^9 

BSI 

Em 

^^9 

CE9 

BEI 

10^3 

Input Offset Voltage 

V|0 

■ 

■■ 


B 

■1 


B 


■H 

mVdc 

< Vref = 1 -4 Vdc, Vo = 1.4 Vdc, Rs = 0) 


H 

B£*] 

±2.0 


BEi 

±2.0 

H 

±1.0 



Input Offset Current 

l|0 

- 

QQ 

og 

- 



- 


iQggji 

■Bi 

Input Bias Current 

mam 

- 


ESI 

- 

Ea 


- 


1^1 

mm 

Input Common Mode Voltage Range (Note 1 ) 

V|CR 

0 


Dsn 

B 


Bra 

B 

- 

Era 

V 






B 


BiEl 

■1 


Bi 


Supply Current 

'CC 

B 

B 

2.0 

B 

B 

KCl 


0.8 

B3 

mA 

(Rl=“’) 

lEE 

■ 

B 


■ 

B 

B 



B 


Response Time (Note 2) 

- 

B 

B 

- 

- 

B 

B 

- 


- 

MS 

(Vrl = 5.0 Vdc, Rl = 5.1 kS2) 


B 

B 



B 

B 


m 



Output Sink Current 

•sink 

B 





B 



B 

mA 

(V|(_) > +1.0 Vdc, V|(+) = 0, Vq < +1.5 Vdc) 



16 


6.0 

16 


6.0 

16 

B 


(V|(_) >+1.0 Vdc, V|(+) = 0, Vq < 500 mVdc) 


B 

. - 


6.0 

_ 


6.0 

- 

B 


Saturation Voltage 

Vsat 

B 

B 


B 

|B 


B 

B 


mV 

(V|(_) > +1.0 Vdc, V|(+) = 0, Ijink 4 4,0 mAdc) 


B 

B 

500 



500. 

D 


500 


(V|(_) > +1.0 Vdc, V|(+) = 0, Ijink 4 6.0 mAdc) 


B 

B 

500 

B 


500 

B 

IBI 

500 


Voltage Gain (V^c = 15 V) 



KiTil 

iB 



- 


KMil 

B 

k 

(Rl >15 kn) 

■■ 

B 

inm 

IB 

B 

IB 


B 

Bi 

B 


Output Leakage Current 

'OL 

B 

B 

'B 

B 

IB 

- 


B 


mA 

(Vi(+)> +1.0 Vdc, Vi(_) = 0, Vo = 5.0 Vdc) 


B 

iB 

iB 

B 

iB 



m 




PERFORMANCE CHARACTERISTICS — Guaranteed Over Temperature Range {Vrc. = +5 0 Vdc) 


Characteristic 

Symbol 


EESSSESSi 

■BilSBlSSli 

■ 

Q9I 


ii^^i 

B9 

BEI 

||^^9 


09 

1^31 

Input Offset Voltage 

(Vref =+1.4 Vdc, Vq = 1.4 Vdc, Rs = 0) 

V|0 

■ 

■ 


■ 

- 

im 

■ 

■ 


B 

Input Offset Current 

IHraB 

- 

- 


- 

- 

QBI 

- 



Eg 

Input Bias Current 

Mb 

- 

- 


- 

- 

IBM 

- 

- 

B 

EQE 

Input Common Mode Voltage Range 

V|CR 

■ 

■ 

Vcc 

-2.0 

0 

- 

Bi 

■ 

■ 

BBI 

BEI 


Saturation Voltage 

(V|(_) > 1.0 Vdc, Vi(+) = 0, Ijink ^ 4.0 mAdc) 

Vsat 

■ 

■ 

700, 

■ 

■ 

700 

■ 

■ 

700 


Output Leakage Current 

(V|( + ) > 1.0 Vdc, V|(.) = 0, Vo = 30 Vdc) 

'OL 

■ 

■ 

1.0 

■ 

■ 

1.0 

■ 

■ 

1,0 

m 

Input Differential Voltage 
(All V| > 0 Vdc) 

V|D 

_ 

“ 

36 



36 

— 


36 

B 


Notes 1. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-.mode voltage range is Vqq -1.5 V, but either or both inputs can go, to +30 Vdc without damage. 

2. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger signals, 300 ns is typical. 


FIGURE 2 - INVERTING COMPARATOR WITH HYSTERESIS 

+ Vcc 


FIGURE 3 - NON-INVERTING COMPARATOR WITH 
HYSTERESIS 




RI/ZRrEF 
R1//RrEP + R2 


Amount of Hysteresis 


^^Omax '^OminV 


R2 


^'^Omax “ ^Omin^ 


MOTOROLA Semiconductor Products Inc. 
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NORMALIZED OFFSET CURRENT NORMALIZED OFFSET VOLTAGE 


MLIVI139A, IVILM239A, IVILIVI339A 


TYPICAL CHARACTERISTICS 

(Vcc “ +15 Vdc, Ta = +25°C (each comparator) unless otherwise noted.) 


FIGURE 4 - INPUT OFFSET VOLTAGE 


FIGURE 5 - INPUT BIAS CURRENT 



0 +20 +40 +60 +80 +100 

Ta, AMBIENT TEMPERATURE (“O 



4.0 8.0 12 16 20 24 28 

Vcc (Vdc) 


FIGURE 6 - OFFSET BIAS CURRENT 



-20 0 +20 +40 +60 +80 +100 

Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 - OUTPUT CURRENT versus 
OUTPUT VOLTAGE 



100 200 300 400 500 

Vql, OUTPUT LEAKAGE VOLTAGE (mV) 


FIGURE 8 - DRIVING LOGIC 



Rs = Source Resistance 

R1==RS 


LOGIC 

DEVICE 

Vcc 

Volts 

Rl 

kU 

CMOS 

1/4 MC14001 

+ 15 

100 

TTL 

1/4MC7400 

+5 

10 


FIGURE 9 - SQUAREWAVE OSCILLATOR 

» 4 V 





T1 = T2 = 0.69 RC 


R2 = R3 = R4 
R1 = R2//R3//R4 


Ml MOTOROLA Semiconductor Products Inc. 
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MLM139A, MLM239A, MLIVI339A 


APPLICATIONS INFORMATION 


The MLIVI139A, MLM239A and MLM339A are quad 
comparators having high gain, wide bandwidth character¬ 
istics. This gives the device oscillation tendencies if the 
outputs are capacitively coupled to the inputs via stray 
capacitance. This oscillation manifests itself during output 
transitions (Vql fo Vqh)- To alleviate this situation input 


FIGURE 10 - ZERO CROSSING DETECTOR 
(Single Supply) 



D1 prevents input from going negative by more than 0.6 V. 

\ 

R1 + B2 = R3 

R3 < for small error in zero crossing 


resistors <10 kS2 should be used. The addition of positive 
feedback «10.mV) is also recommended. 

It is good design practice to ground all unused pins. 
Differential input voltages may be. larger than supply 
voltage without damaging the comparator's input voltages. 
More negative than-300 mV should not be used. 


FIGURE 11 - ZERO CROSSING DETECTOR 
(Split Supplies) 


»0.4 V peak for 1% phase distortion (a0). 



MOTOROLA S&mic€>n€iuctoir Products Inc. 





Device 


MLM2901P 


Temperature Range 


-40‘’C to +85'’C 


Package 


Plastic DIP 


MLM2901 


QUAD SINGLE-SUPPLY COMPARATOR 

This comparator is designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive and 
industrial electronic applications. 

• Power Supply Options — 

Single Supply = 2.0 to 36 Vdc 
Split Supplies - ±1.0 to ±18 Vdc 

• Wide Operating Temperature Range-40 to ±85°C 

• Low Supply Current Drain — 2.0 mA (Max) 

• Low Input Biasing Current — 25 nA (Typ) 

• Low Input Offset Voltage — 2.0 mV (Max) 

• TTL and CMOS Compatible 


QUAD COMPARATOR 

SILICON monolithic 
INTEGRATED CIRCUIT 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 


MAXIMUM RATINGS 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Input Common Mode Voltage Range 


Output Sink Current 


Power Dissipation = 25°C 
. Plastic Package 

Derate above 25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 




FIGURE 1 - CIRCUIT SCHEMATIC 


3Tvcc 














































MLM2901 


ELECTRICAL CHARACTERISTICS (V^c = +5.0 Vdc, T/^ = 2S°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Offset Voltage 

(Vref = Vdc, Vq = 1.4 Vdc, Rg = 0) 

V|0 

- 

2.0 

7.0 

mVdc 

Input Offset Current 

Mo 

- 


±50 

nA 

Input Bias Current 

Mb 

- 

25 

250 

nA 

Input Common Mode Voltage Range (Note 1) 

V|CR 

0 

- 

Vcc 

-1.5 

V 

Supply Current 
(Rl=-) 

•cc 

'EE 

- 

0.8 

2.0 

mA 

Response Time (Note 2) 

(VRL=5.0Vdc, Rl = 5.1 kn) 


- 

1.3 

“ 

MS 

Output Sink Current 

(V|(_) > +1.0 Vdc, V|(+) = 0, Vq < +1.5 Vdc) 

Mink 

6.0 

16 

- 

mA 

Saturation Voltage 

(V|(_) > +1.0 Vdc, V|(+) = 0, Ijink “ 3.0 mAdc) 

'^sat 

- 

_ 

400 

mV 

Output Leakage Current 

(V|(+) > +1.0 Vdc, V((.) = 0, Vq = 5.0 Vdc) 

'OL 

— 

0.1 

" 

mA 


Nptes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range is Vqc "I -S V, but either or both inputs can go to +30 Vdc without damage. 

2. The response time specified is for a 100 mV input step with 5 mV overdrive. For large signals, 300 ns is typical. ' 


FIGURE 2 - INVERTING COMPARATOR WITH 
HYSTERESIS 


FIGURE 3 - NON-INVERTING COMPARATOR WITH 
HYSTERESIS 


•■Vcc 


Vcc 




Vh’ 


ri//Rbef 
R1//RrEF * 


fVoma* -Vominl 


Amount of Hysteresis V|y| 

' R2 + R3 “ Vomin) 


rkS\ 


Inn. 
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NORMALIZEO OFFSET CURRENT NORMALIZED OFFSET VOLTAGE 


TYPICAL CHARACTERISTICS 
(VcG “ Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 4 - INPUT OFFSET VOLTAGE 


FIGURE 5 - INPUT BIAS CURRENT 

























MLM2901 


APPLICATIONS INFORMATION 


The I\/ILM2901P is a quad comparator having high gain, 
wide bandwidth characteristics. This gives the device oscil¬ 
lator tendencies if the outputs capacitively couple to the 
inputs via stray capacitance. This oscillation manifests 
itself during output transitions (Vql to Vqh)- To 
alleviate this situation input resistors <10 kf2 should 


FIGURE 10 - ZERO CROSSING DETECTOR 
(Single Supply) 

tis V 



01 prevents input from going negative by more than 0.6 V. 
R1 + R2 = R3 
R5 

R3 < for small error in zero crossing 


not be used. The addition of positive feedback «10 mV) 
is also recommended 

It is good design practice to ground all unused pins. 
Differential input voltages may be larger than supply 
voltage without damaging the comparator's input voltages. 
More negative than -300 mV should not be used. 


FIGURE 11 - ZERO CROSSING DETEJCTOR 
(Split Supplies) 

V|Nmin V peak for 1% phase distortion (Afc)). 





MOTOROLA SGmic<9ncluctor Pr€>€iucis Inc. 







































































































































































































MCI 302 

MCI 303 

MCI 306 

MC1310 

MC1312,14,15 

MC1323 

MCI 324 

MCI 327 

MC1330A 

MC1331 

MCI 344 

MCI 349 

MCI 350 

MC1351 

MCI 352 

MCI 355 

MCI 356 

MCI 357 

MCI 358 

MCI 364 

MC1375 

MCI 384 

MCI 385 

MCI 391,94 

MCI 393 

MCI 398 

MCI 399 

MC3301 

MC3302 

MC3310 

XC3315 

XC3316,17 

MC3320,21 

MC3325 

MC3330 

MC3333 

MC3340 

MC3344 

MC3346,86 

MC3360 

MC3380 

MC3390 

MC3391 

MLM239 

MLM239A 

MLM2901 

TDA11902 


CONSUMER CIRCUITS 
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Triple Doubly Balanced Chroma Demodulator ..7-38 
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Circuits for Consumer Applications 

... reflecting Motorola’s continuing commitment integrated circuit devices that satisfy the primary 

to semiconductor products necessary for con- functions for Television, Audio, Radio, Citizens 

sumer system designs. This tabulation is arranged Band, Automotive and Organ applications, 

to simpiify first-order selection of consumer 


TELEVISION CIRCUITS 


SOUND 


Function 

Features 

Case 

Type 

Sound IF, Detector, Limiter, 
Audio Preamplifier 

80 uV, 3dB Limiting Sensitivity, 

3.5 V(RMS) Output, Sufficient for Single Transistor 

Output Stage 

646,647 

MC1351 

Sound IF Detector 

Interchangeable with ULN2111A 

646,647 

MCI 357 

Sound IF Detector, 

dc Volume Control, Preamplifier 

Excellent AMR, 

Interchangeable with CA3065 

646,647 

MCI 358 

Sound IF, Low Pass 

Filter, Detector, dc 

Volume Control, Pre- 
Amplifier, Power Amplifier 

Complete TV Sound System 100 uV 3 dB 

Limiting Sensitivity 4 Watts Output, 

V^(, = 24V, R|_= len 

722A 

TDA1190Z 


VIDEO 


1 st and 2nd Video IF Amplifier 

IF Gain @ 45 MHz—60 dB Type 

AGC Range—70 dB min 

626 

MCI 349 

IF Gain @ 45 MHz—46 dB typ, 

AGC Range—60 dB min 

626 

MCI 350 

1 St and 2nd Video IF, AGC 

Keyer and Amplifier 

IF Gain @ 45 MHz—53 dB typ, AGC Range—65 dB min, 
"Forward AGC" Provided for Tuner 

646,647 

MCI 352 

3rd IF, Video Detector, 

Video Buffer, and 

AFC Buffer 

Low-Level Detection 

Low Harmonic Generation 

Zero Signal dc Output Voltage of 

7.0 to 8.2 V 

626 

MC1330A1 

Same as MC1330A1 except zero signal 
dc output voltage of 7.8 to 9.0 V 

626 

MC1330A2 

3rd IF, Video Detector, 

Sound IF Detector, and 

Sync Separator 

Low-Level Detection, 

Separate Sound Detector, 

Differential Inputs 

646 

MC1331 

AGC Keyer, AGC Amplifier, 

Noise Gate, Sync Separator 

High-Quality Noise Gate, 

One iF AGC Output and Two Tuner AGC Outputs, 
Adjustable AGC Delay 

646 

MCI 344 

Automatic Fine Tuning 

High Gain AFT System, 

Interchangeable with CA3064 

646 

MCI 364 


CHROMA 



Chroma IF Amplifier and 
Subcarrier System 

Includes Complete Chroma IF, AGC, dc Gain 
and Tint Controls, Injection Locked Oscillator. 

Low Peripheral Parts Count 

646 

MCI 398 

Chroma IF Amplifier and 
Subcarrier System (PLL) 

Includes Complete Chroma IF, AGC, dc Chroma 
and Hue Controls, Phase Locked Loop (PLL) Oscillator, 

Color Killer Threshold Adjustment. 

648 

MCI 399 

Dual Chroma Demodulators 

Dual Doubly Balanced Demodulator with 

RGB Matrix and Chroma Driver Stages 

646 

MCI 324 

Dual Doubly Balanced Demodulator with 
. RGB Output Matrix and PAL Switch 

646,647 

MCI 327 

Triple Chroma Demodulator 

Trtpie Doubly Balanced Demodulator with Adjustabie 
Output Matrix, Contains Three Independent Demodulators. 

648 

MCI 323 













































































DEFLECTION 


Function 

i Features 

Case 

Type 

Horizontal Processor 

Includes Phase-Detector, Oscillator and Predriver: 

Linear Balanced Phase Detector Adjustable dc Loop Gain 

626 

MCI 391 

Sarhe as MCI391 except designed to accept negative!, 
sawtooth sync pulse 

626 

MCI 394 

Vertical Processor 

Includes Oscillator and Complementary Driver, 

Low Thermal Drift, 

Retrace Pulse for Effective Blanking 

648 

MCI 393 


AUDIO CIRCUITS 


PREAMPLIFIERS 


Function 

''cc 

Vdc Max 

^vol 
dB Min 

THD 

%Typ 

*o 

Ohms Typ 

Case 

Typo 

Dual Preamplifier 

±15 

80 

0.1 

100 

646 

MCI 303 


DRIVERS 


Function 

^CC 

Vdc Max 

Drive Current 

mA 

^vol 

dB 

Case 

Type 


.35 

150 peak 

89 typ 

626 

MC3320 


20 

150 peak 

87 typ 

626 

MC3321 


25 

50 max 

— 

646 

MCI 385 


POWER AMPLIFIERS 


Function 

Pq 

Watts 

'^CC 
Vdc Max 

**10 

@ rated Pq 
mV Typ 

'd 

mA Typ 

"l 

Ohms 

Case 

Type 

Audio Power Amplifiers 

0.5 

12 

3.0 

4.0' 

8.0 

626 

MCI 306 


0.25 

12 

3.0 

3.0 

16 

626 

MC3360 


4.0 

18 

22.0 

12 

4.0 

722, 

MCI 384 


RADIO CIRCUITS 


IF AMPLIFIERS 


Function 

Gain 

@ 10.7 MHz 
dB Typ 

3 dB Limiting 
@ 10.7 MHz 
mV (RMS) typ 

AMR 
dB Typ 

Recovered 
Audio Output 
f = ±75 kHz 
mV (RMS) 

Power 
Supply 
Volts Max 

/ 

Case 

Type 

IF Amplifier 

58 

0.175 

60 

690 

18 

626 

MCI 350 

Limiting FM-IF Amplifier 

- 

0.600 

45 

480 

18 

646, 647 

MCI 355 

Limiting IF Ampl/Quadrature 

- 

0.4 

42 

450 

16 

646 

MCI 356 

Detector with Built-In 








Regulator 








Limiting IF Ampl/Quad Detector 

53 

0.4 

45 

480 

16 

646, 647 

MCI 357 

IF Amplifier, Limiter, Detector, 

21 

0.25 

55 

625 

16 

646 

MCI 375 

Audio Preamplifier 








IF Amplifier 

42 

60 

50 

500 

18 

626 

MC3310 












































































DECODERS 


Function 

Channel 
Separation 
dB Typ 

THD 
% Typ 

Stereo—Indicator 
Lamp Driver 
mA Max 

Features 

Case 

Type 

FM Multiplex Stereo Decoder 

40 

ilftlkB 

75 

Coilless Ooeration 

US 

inwcnii 

Four Channel SQt Decoders 

45 

mm 

- 

Vpp = 20 Vdc nom 



Four Channel SQt Gain 
and Balance Control 

- 


- 

Master Volume Control and LF/RF, 
LB/RB. E/B Balance Control 

648 

MC1314 

Four Channel SQt Logic Circuit 




Interface with.MC1314 and MCI 312 to 
increase F/B Separation and Supply Gain 
and Balance Control to MCI 314. 

648 



tTrademark of Columbia Broadcasting System, Inc. 


ORGAN CIRCUITS 

FREQUENCY DIVIDER 


Function 

''cc 

Range 

Vdc 

^Tog 

MHz Typ 

''oh 

Vdc Min 

Case 

Type 

7-Stage Divider 

6-16 

1.0 

12.0/15.0 

646 

MCI 302 


ATTENUATOR 


Function 

''cc 

Range 

Vdc 

THD 

% Typ 

Av 

dB Typ 

Attenuation 

Range 

dBTyp 

Case 

Type 

Electronic Attenuator 

9.0 to 18 

0.6 

13 

90 

626 

MC3340 


AUTOMOTIVE CIRCUITS 


OPERATIONAL AMPLIFIER 


Function 

''cc 

Range 

Vdc 

*VOI 

V/V Min 

u 

Unity Gain 

Bandwidth 

MHz Typ 

Case 

Type 

Quad Qperational Amplifier 

CO 

CN 

1 

O 

1000 

0.3 

4.0 

646 

MC330,1 


COMPARATORS 



Function 

''cc 

Range 

Vdc 

''lO 

mV Max 

'lO 

nA Max 

'iB 

na Max 

Sink 

Current 

mA Typ 

Case 


Quad Comparators 

2.0—28 

±20 


500 

6.0 

646, 632 

MC3302 

2.0—36 

±7.0 

±50 

250 

16.0 

646 


±5.0 


MLM239 

±2.0 

646, 632 

MLM239A 


VOLTAGE REGULATOR 


Function 

Features 

Case 

Type 

Automotive Voltage 
Regulator 

Designed for use with NPN Darlington 

Overvoltage Protection 
"Open Sense" Shut Down 

Selectable Temperature Coefficient 

646 

MC3325 


-5 






































































































ELECTRONIC IGNITION 


Function 

Features 

Case 

Type 

Electronic Ignition 

Circuit 

Designed for use in High Energy- 
Variable Dwell Electronic Ignition Systems 
with Variable Reluctance Sensors. 

Dwell and Spark Energy are Externally 
Adjustable. 

646 

MC3333 


TRANSISTOR ARRAYS 


GENERAL PURPOSE 


Function 

(max) 

mA 

''cEO 
Volts Max 

''CBO 
Volts Max 

^EBO 

Volts Max 

Case 

Type 

One Differentially connected pair and 
Three Isolated Transistors 

50 

15 

20 

5.0 

646 

MC3346 

MC3386 

One Differentially Connected Pair 
with Associated Constant Current 
Transistor 

50 

20 

20 

5.0 

626 

MC3330 


SPECIAL FUNCTIONS 


Function 

Features 

Case 

Type 

Emitter-Coupled Astable Multivibrator 

Useful as DC-DC Converter, Power Regulator or 
Multivibrator. Toggle Freq = 1(X) kHz (typ). • 

626 

MC3380 

Phase Lock Loop 

Contains Voltage Controlled Oscillator and Double 
Balanced Phase Detector 

646 

MLM565 

Frequency to Voltage 

Converter 

Frequency Doubling for Low Output 

Ripple Programmable Threshold and 

Hysteresis 

646 

MC3315 

Dual Frequency to Voltage 

Converters 

Frequency Doubling for Low Output 

Ripple Programmable Threshold and 

Hysteresis 

Two Independent Channels 

648 

MC3316 

Same as MC3316 . . . Plus Fail Check 

Indication for Open Sensor 

High and Low Select Outputs 

701 

MC3317 

Programmable Frequency 

Switch 

Wide Input Frequency Range (10 Hz 
to 100 kHz) 

Adjustable Hysteresis 

Wide Supply Operating Range (7 to 24V) 

646, 632 

MC3344 


CITIZENS BAND CIRCUITS 

SYNTHESIZER 


Function 

Features 

Case 

Type 

Phase Lock Loop 
Frequency Synthesizer 

Requires only One Crystal to Generate 

All Transmit and Receive Frequencies 

Can be used with Binary Coded Switch 

Designed for Double or Single Conversions 

Receivers 

724 

MC3390 


CONTROLLER 


Remote Controller and 

Designed for use with a Push Button 

724 

MC3391 

Display Driver 

Switch for Incremental up/down 




Channel Selection of the MC3390 




Provides Display Drive Current 


















































































MC1302 


7-STAGE DIVIDER 

This monolithic circuit is designed for use as a frequency divider 
in electronic organs. It contains 7 flip-flops with all inputs and 
outputs externally accessible. 


7-STAGE DIVIDER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• Wide Operating Voltage Range — 6.0 to 16 Volts 

• Regulated Supply Not Required 

• Maximum Design Flexibility — Allows for Two to Seven-Stage 


MAXIMUM RATINGS (T/v = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltage 


Output Sinking Current 


Negative Input Voltage 


Junction Temperature 


Operating Temperature Range 













































ELECTRICAL CHARACTERISTICS (Vcc = 16 Vdc, V|n = 4.0 V, Square Pulse, f = 10 kHz, 50% Duty Cycle, tpHL = 10 V/ps, 
T/^ - +25°C, unless otherwise noted.) 


Characteristic 


Operating Power Supply Voltage 


Toggle Frequency 


Output Voltage (High) Pins 8, 9, 10, 11, & 13 
(Vcc = 6.0 Vdc) 

(Vcc IB Vdc) 


Output Voltage (High) Pins 12 S 14 
(Vcc ~ 0 0 Vdc) 

(Vcc ~ 10 Vdc) 


Operating Drain Current _ 
(Vcc = 16 Vdc) 


Output Sinking Current 
(Vq < 0.5 Vdc) 


RiseTinne 


Propagation Delay 


Fall Time 


Input Resistance 


Output Resistance (Output High) 


INPUT PULSE REQUIREMENTS 


Trailing 
/ LeadingX Edge 
V|L--^ Edge '- 

0 t 



Leading Edge 


Trailing Edge dv/dt 


THERMAL INFORMATION 


The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation; 


PD(Ta) = 


Tj(max) - Ta 

R0JA (Typ) 


Where; Pd(Ta) ~ Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 


voltages and supply currents at the worst-case oper¬ 
ating condition. 

Tj(max) ~ Maxiijium Operating Junction 
Temperature as listed in the 
Maximum ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^JAlTyp) = Typical Thermal Resistance 
Junction to Ambient 


MOTOROLA Semiconductor Rr€>€iucts inc. 
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MC1303 


ELECTRICAL CHARACTERISTICS (Each Preamplifier) (Vcc ” "^13 Vdc, Vge •> -13 Vdc, T/^ * +25°C unless otherwise noted). 


1 CNract«riitic Dsfinitions (Hnaar optrations) 

Characteristic 

Min 



msm 

J-O-1 

•in 

* •out 

i>zr 

Open Loop Voltage Gain 

6,000 

10,000 

1 

v/v 


^ ® 

Output Voltage Swing 
(Rl “ 10 kO) 

B 

5.5 

1 

V(RMSI 


Input Bias Current 
, '1+12 
•iB'—2“ 

B 

1 

10 

mA 


Input Offset Current 
(l|0 “ ll -l2> 

■ 

0.2 

I 

mA 

O' ■ ' ' 

V|o^_ 

Vo-O* 

Input Offset Voltage 

OC Power Dissipation 
(Power Supply = ±.13 V, Vq 0) 

■ 

1.5 

10 

400 

mV 

mW 

•in L >. O*out 1 

^ .** ^ 

Channel Separation 
(f = 10 kHz) 

60 

70 

1 

dB 


THERMAL INFORMATION 


Tlie maximum power consumption ^n integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from t)ie equation: 

Tj(max) ~Ta 
ReJA(Typ) 

Wfiere: Pd(Ta) “ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R^JA^Typ) = Typical Thermal Resistance Junction to 
Ambient 


PD(Ta) 



MOTOROLA SemiGontiuGtor RrG€luGt» InG. 
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MC1303 



typical preamplifier applications 




FIGURE 3 - NAB TAPE HEAD EQUALIZATION 


iiiiiiiisiiiiiiniiiiiiiiin 


Circuit diagrams utilizing Motorola products are included as a moans is believed to be entirely reliable. However, rio responsibility is 
of illustrating typical' semiconductor applications; consequently. assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


-- ® MOTOROLA S^mhsondiuGtor RrG€t*MGtm Inc. -—-- 
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OUTPUT NOISE VOLTAGE (/^VlRMS)) OUTPUT VOLTAGE (VIHMSI) POWER OISSIPATION (mW) 



VOLTAGE GAIN (V/V) 


MGTGRGLA Semic€>n€iuGi€>r Products Inc 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1306P 

0°C to -t-75'’C 

Plastic DIP 


MC1306 


1/2-WATT AUDIO AMPLIFIER 

The MCT306P is a monolithic complementary power amplifier and 
preamplifier designed to deliver 1/2-Watt into a loudspeaker with a 
3.0 mV(rm,s) typical input. Gain and bandwidth are externally 
adjustable. Typical applications include portable AM-FM radios, tape 
recorder, phonographs, and intercoms. 

• 1/2-Watt Power Output (9.0 Vdc Supply, 8-Ohm Load) 

• High Overall Gain — 3.0 mV(rms) Sensitivity for 1/2-Watt Output 

• Low Zero-Signal Current Drain — 4.0 mAdc @ 9.0 V typ 

• Low Distortion — 0.5% at 250 mW typ 


1/2-WATT AUDIO AMPLIFIER 



TYPICAL APPLICATIONS 


FIGURE 1 - AM-FM RADIO, AUDIO SECTION 

1.0 k 9 0 V 


FIGURE 2 - PHONOGRAPH AMPLIFIER 
(CERAMIC CARTRIDGE) 


1.0 Megn i ^15 pF 

10k I 


1.0 k 9.0 V 1.0 k vL 

-^l|l-- 

4(1. rTTfls-on lOOppl T“-1( 

Tone Control! , i 
+ 1.0 Meg n ] 

30 .''200pF XTAl| |1.0 MegR “1 

MC1306P MC1306P 

3 T ko02„Fl.OWe9n 6 ^ 


0.05 mF 4= 3001.F 
? 1.0 


CIRCUIT SCHEMATIC 












MC1306 


MAXIMUM RATINGS (Ta > t25°C unless olherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V+ 

12 

Vdc 

Load Current 

'L 

400 

mAdc 

Power Dissipation (Package Limitation) 

pd 



Ta = +280C 

625 

mW 

Derate above Ta “ +25®C 

I/OJa 

5.0 

mW/®C 

Operating Temperature Range 

Ta 

0 to +75 

OC 

Storage Temperature Range 

Tstg 

-65 to +150 

oc 


ELECTRICAL CHARACTERISTICS (V =9.0V, Rl= 8.0ohms. f= 1.0 kHz, (using test circuit of Figure 3), T/\ =+25°C 

unless otherwise noted.) 


Charactwistio 


Open Loop Voltage Gain 
Pre-amplifier Rl= 1.0 k ohm 
Power-amplifier Ri •= 16 ohms 


Sensitivity 
(Po = 500mW) 


Output Impedance (Power-amplifier) 


Signal to Noise Ratio 
IpQ = 160 mW, f =• 300 Hz to 10 kHz) 


Total Harmonic Distortion 
IPo = 260 mW) 


Quiescent Output Voltage 


Output Power 
(THDS10%) 


Current Drain (zero signal) 


Power Dissipation (zero signal) 



FIGURE 3 - TEST CIRCUIT 


FIGURE 4 - ZERO SIGNAL BIAS CURRENT 



3 Cl^ZOOnF 




\r, POWER SUPPLY VOLTAGE (Vdc) 
































































THD, TOTAL HARMONIC DISTORTION (%) THO, TOTAL HARMONIC DISTORTION (%) i?, EFFICIENCY (X) 


MC1306 

TYPICAL CHARACTERISTICS 

(V^ » 9.0 V, f = 1.0 kHz. Ta = +25®C unless otherwise noted) 

•1 


FIGURE S - EFFICIENCY FIGURE 6 - OUTPUT POWER 



3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 13 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 13 

V*, POWER SUPPLY VOLTAGE (Vdc) POWER SUPPLY VOLTAGE (Vdc) 






















MC1306 


FIGURE 10 - TYPICAL,CIRCUIT CONNECTION 

Bp/2 Bp/2 



DESIGN CONSIDERATIONS 


The MC1306P provides the designer with a means to control 
preamplifier gain, power amplifier gain, input impedance, and 
frequency response. The following relationships will serve as guides. 


1. Gain 

The Preamplifier Stage Voltage Gain is: 

Rs 

and is limited only by the open-loop gain (270 V/V). For good 
preamplifier dc stability Rf should be no larger than 1.0-megohm. 

The Power Amplifier Voltage Gain is controlled in a similar 
manner where: 

10k 

The 10-k ohm feedback resistor is provided in the integrated 
circuit. 

Recommended values of Rp range from 500-ohm$ to 3.3-k 
ohms. The low end is limited primarily by low-level distortion and 
the upper end is limited due to the voltage drive capabilities of the 
pre-amplifier. (A resistor can be added in the dc feedback loop, 
from pin 6 to ground, to increase this drive): The Overall Voltage 
Gain, then, is: 


Avt = 


Rf 10 k 

Rg Rp 


2. Input Impedance 

The Preamplifier Input Impedance is: 


^inA ^ Rs 


and the Power Amplifier Input Impedance is: 



3. Frequency Response 

The low frequency response is controlled by the cumulative 
effect of the series coupling capacitors Cl, C2, and C3. High- 
frequency response can be determined by the feedback capacitor, 
Cf, and the/-3.0 dB point occurs when 

Xcf = Rf 

Additional high frequency roll-off and noise reduction can be 
achieved by placing a capacitor from the center point of Rp to 
ground as shown in Figure 10. 

Capacitor C4 and the RC network shown in dotted lines may 
be needed to prevent high frequency parasitic oscillations. The RF 
choke, shown, in series with the output, and capacitor C6 are used 
to prevent the high-frequency components in a large-signal clipped 
audio output waveform from radiating into the RF or IF sections 
of a radio (Figute 10). 

4. Battery Operation 

The increase of battery resistance with age has two undesirable 
effects on circuit performance. One effect is the increasing of 
amplifier distortion at low signal levels. This is readily corrected by 
increasing the size of the filter capacitor placed across the battery 
(as shown in Figure 8; a 300-pF filter capacitor gives distortions 
at low-tonal levels that are comparable to the "stiff" supply). The 
second effect of supply impedance is a lowering of power output 
capability for steady signals. This condition is not correctable, but 
is of questionable importance for music and voice signals. 


5. Application Examples: (1) The audio section of the AM-FM 
radio (Figure 1) is adjusted for a preamplifier gain of 100 with an 
input impedance of 10-k ohms. The power amplifier gain is set at 
10, which gives an overall voltage gain of 1000. The bandwidth 
has been set at 10-kHz. (2) The phono amplifier (Figure 2) is de¬ 
signed for a preamplifier gain of unity and a power amplifier gain 
of 10. The input impedance is 1.0-megohm. An adjustable treble 
control is provided within the feedback loop. 
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TYPICAL PRINTED CIRCUIT BOARD LAYOUT 


LOCATION OF COMPONENTS 

C2 R1. R2 R3 


See Figure 3 for schematic diagram. 

PARTS LIST 


Component 

Value 

Cl 

1 200 pF 

C2 

0.1 (uF 

C3 

0.05 pF 

C4 

1.0 pF 

C5 

47 pF 

R1 

1 ohm 

R2 

1 k ohm 

R3 

4.7 k ohms 

R4 

270 k ohms 

MCI 306 

- 

PC Board 

■ - 






ORDERING INFORMATION 


Device 


MC1310P -40“C to ■h6S°C 


Temperature Range 


Pacing 


Piastto DIP 


micisio 


Specifications and Applications 
Information 


FM STEREO DEMODULATOR 

... a monolithic device designed for use in solid-state stereo receivers. 

• Requires no Inductors 

• Low External Part Count 

• Only Oscillator Frequency Adjustment Necessary 

• Integral Stereo/Monaural Switch 75 mA Lamp Driving Capability 

• Wide Dynamic Range; 0.5-2.8 V(p-p) Composite 

input Signal 

• Wide Supply Range: 8-14 Vdc 

• Excellent Channel Separation Maintained Over Entire Audio 

Frequency Range 

• Low Distortion: Typically 0.3% THD at 560 mV (RMS) 

Composite Input Signal 

• Excellent SCA Rejection 


FM STEREO 
DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 


Pin 1 ® 

Pin 2 “ Input 

Pin 3 =■ Amplifier Output 

Pin 4 “ Left Channel Output 


Pin 8 = Switch Filter 
Pin 9 = Switch Filter 
Pin 10= 19kHi Output 
Pin 11= Modulator Input 


Pin 5 = Right Channel Output Pin 12 = Loop Filter 


Pin6 = Lamp Indicator 
Pin 7 = Ground 


Pin 13 = Loop Filter 

Pin 14 = Oscillator RC Network 


Parts List 

Cl = 2.0 /<F 

C8 

C2 = 0.0? Ilf 

R1 

C3 « 0.02 Itf 

R2 

C4 = 0.25 mF 

R3 

C5 = 0.05 Ilf 

R4 

C6 > 0.5 mF 

R5 

C7 - 470 pF 



f14 f13 

^12 ^11 



MC1310 

11 ^2 

^3 &4 


^5 < 


_l f 

Rl| 


i! 

<R2 1 


c2;n I 


c3;t! 


Left I I Right 
Channel • • Channel 
Output Output 























MC1310 


MAXIMUM RATINGS (Ty:^ = +25° unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Voltage 

14 

Volts 

Lamp Current 

75 

mA 

Power Dissipation 

625 

mW 

(Package limitation) 



Derate above Ta = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

-40 to +85 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS Unless otherwise noted; Vcc * +12 Vdc, Ta » +25°C, 560 mV(RMS) (2.8 Vjp.p] ) standard 
multiplex composite signal with Lor R channel only modulated at 1.0 kHz and with lOOmV(RMS) pilot le\/el(10%), using circuit of Figurel. 


Characteristic 

Min 

Typ 

Max 

Unit 

Maximum Standard Composite Input Signal (0.5% THD) 

2.8 

- 

- 

'^(p-p) 

Maximum Monaural Input Signal (1.0% THD) 

2.8 

- 

- 

(p-p) 

Input Impedance 

20 

50 

- 

kn 

Stereo Channel Separation 

30 

40 

- 

dB 

Audio Output Voltage (desired channel) 

- 

485 

- 

mV(RMS> 

Monaural Channel Balance (pilot tone "off") 

- 

- 

1.5 

dB 

Total Harmonic Distortion 

- 

0.3 

- 

% 

Ultrasonic Frequency Rejection 19 kHz 

- 

34.4 

- 

dB 

38 kHz 

- 

45 

- 


Inherent SC A Rejection 




dB 

(f = 67 kHz; 9.0 kHz beat note measured 
with 1.0 kHz modulation "off") 


75 



Stereo Switch Level 




mV(RMS) 

19 kHz input level for lamp "on" 

- 

- 

20 


19 kHz input level for lamp "off" 

5.0 

- 

- 


Capture Range (permissible tuning error of internal oscillator, 


±3.5 

- 

% 

reference circuit values of Figure 1) 





Current Drain (lamp "off") 

- 

13 


mAdc 
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Input AmpI 


Modulator Loop 
Input Filter 


Osc RC 
Ntwk 
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TYPICAL CHARACTERISTICS (continued) 



so )00 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k SQk 

FREQUENCY (Hz) 


FIGURE 10 - VCO FREE-RUNNING FREOUENCY 
versus TEMPERATURE 



-55 -35 -15 +5.0 +25 +45 +65 +85 +105 

TEMPERATURE (®C) 



SUPPLY VOLTAGE (Vdc) 
*Measured with Low Pass Filter (BW - 15 kHz) 


FIGURE 12 - PILOT LEVEL REQUIRED FOR VCO LOCKUP 
versus VCO FREE-RUNNING FREQUENCY 



VCO FREE-RUNNING FREQUENCY (kHz) 


FIGURE 13 - SYSTEM BLOCK DIAGRAM 



19 kHz 
Quadrature 
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MC1310 


CIRCUIT OPERATION 


Figure 13, on the previous page, shows the system 
block diagram. The upper line, comprising the 38-kHz 
regeneration loop operates as follows: the internal os¬ 
cillator running at 76-kHz and feeding through two 
divider stages returns a 19-kHz signal to the input mod¬ 
ulator. There the returned signal is multiplied with the 
incoming signal so that when a 19-kHz pilot tone is 
received a dc component is produced. The dc component 
is extracted by the low pass filter and used to control 
the frequency of the internal oscillator which con¬ 
sequently becomes phase-locked to the pilot tone. With 
the oscillator phase-locked to the pilot the 38-kHz out¬ 
put from the first divider is in the correct phase for de¬ 
coding a stereo signal. The decoder is essentially another 
modulator in which the incoming signal is multiplied by 


the regenerated 38-kHz signal. The regenerated 38-kHz 
signal is fed to the stereo decoder via an internal switch, 
which closes when a sufficiently large 19 kHz pilot tone 
is received. 

The 19-kHz signal returned to the 38-kHz regeneration 
loop modulator is in quadrature with the 19-kHz pilot 
tone when the loop is locked. With the third divider 
state appropriately connected, a 19-kHz signal in phase 
with the pilot tone is generated. This is multiplied with 
the incoming signal in the stereo switch modulator 
yielding a dc component proportional to the pilot tone 
amplitude. This component after filtering is applied to 
the trigger circuit which activates both the stereo switch 
and an indicator lamp. 


APPLICATIONS INFORMATION 

(Component numbers refer to Figure 1) 


External Component Functions and Values 

Cl Input coupling capacitor; 2.0 nF is 

recommended but a lower value is ‘ 
permissible if reduced separation at low 
frequencies is acceptable. 


R1, R2, C2, C3 See Maximum Load Resistance section. 

C4 Filter capacitor for stereo switch level 

detector; time constant is C4 x 53 
kilohms ±S0%, maximum dc voltage 
appearing across C4 is 0.25 V (pin 8 
positive) at 100 mV(RMS) pilot level. 
The signal voltage across C4 is neg¬ 
ligible. 

C5 See Phase Compensation section. 

R3, C6, G8 Phase-locked loop filter components; 

the following network is recommended: 


R4, R5, C7 


R3 
1 k 

12 0-1-VW- 


C6 

0.5 flF 

-1(-f-O 13 


C8 

0.25 pF 


When less performance is requtred a 
simpler network consisting of R3 = 100 
ohms and C6 = 0.25 pF may be used 
(omit C8). See Figure 9. 


Oscillator timing 
mended values: 

C7 = 470 pF 
R4=16kS2 
R5=5kJ2 


network; recom- 

1 % 

1 % 

Preset 


These values give +3.5% typical capture 
range. Capture range may be increased 
by reducing C7 and increasing R4, R5 
proportionally but at the cost of in¬ 
creasing beat-note distortion (due to 
oscillator-phase jitter) at high-signal 
levels. See Figure 12. 

Stereo Lamp Nominal rating up to 75 mA at 12 V; 

the circuit includes surge limiting which 
restricts cold-lamp current to approx¬ 
imately 250 mA. 

19-kHz Output A buffer output providing a 3.0-Vpk 
square wave at 19 kHz is available at 
pin 10. A frequency counter may be 
connected to this point to measure the 
oscillator free-running frequency for 
alignment. See Alignment section. 

External Monaural/Stereo Switching 

If it is desired to maintain the circuit in monaural 
mode, the following procedure must be folloyved. First, 
the stereo switch must be disabled to prevent false lamp 
triggering. This can be accomplished by connecting pin 8 
negative or pin 9 positive by 0.3 volt. Pin 8 may be 
grounded directly if desired. Note that the voltage across 
C4 increases to approximately 2 volts with pin 9 positive 
when pin 8 is grounded. 

Second, the 76-kHz oscillator must be killed to 
prevent interference when on AM. This can be ac¬ 
complished by connecting pin 14 to ground via a current 
limiting resistor (3.3 kilohms is recommended). 

Phase Compensation/I F Roll-off Compensation 

Phase-shifts in the circuit cause the regenerated 38- 
kHz sub-carrier to lead the original 38 kHz by approx¬ 
imately 29. The coupling capacitor C5 generates an 
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MC1310 


APPLICATIONS INFORMATION (continued) 


additional lead of 3.5° (for C5 = 0.05/iF) giving a total 
lead of 5.5°. 

The circuit is so designed that phase lag may be 
generated by adding a capacitor from pin 3 to ground. 
The source resistance at this point is 500 ohms. A 
capacitance of 820 pF compensates the 5.5° phase lead: 
increase above this value causes the regenerated sub¬ 
carrier to lag the original. However, a 5.5° phase error 
if left noncompensated will not degrade separation 
appreciably. 

Note that these phase shifts occur within the phase- 
locked loop and affect only the regenerated 38-kHz 
sub-carrier; the circuit causes no significant phase or 
amplitude variation in the actual stereo signal prior to 
decoding. 

Most IF amplifiers have a frequency response that 
limits separation to a value significantly lower than the 
capability of the MCI310. For example, if the response 
produces a 1-dB roll-off at 38 kHz, the separation vvill be 
limited to about 32 dB. This error can be compensated 
by using an RC lead network as shown in Figure 14. 
The exact values will be determined by the IF amplifier 
design. However, the values shown in Figure 14 are 
suitable for use with the MC1357 and MC1375 IF 
amplifiers. 


FIGURE 14- IF COMPENSATION NETWORK 



Voltage Control Oscillator Compensation 

Figure 10 illustrates noncompensated Oscillator Drift 
versus temperature. The recommended Tq of the R4, R5, 
C7 combination is -300 PPM. This will hold the 
oscillator drift to approximately ±1% over a temperature 
range of -40 to -i-85°C. Allowing ±2% for aging of the 
timing components acceptable performance is still ob¬ 
tained. 

Lamp Sensitivity 

It may be desirable in some cases, to change the lamp 
sensitivity due to differing signal levels produced by 
various FM detectors. The lamp sensitivity can be 
changed by making use of the external circuit shown. 
Typical sensitivities versus potentiometer rotation are 
also shown in Figure 15. 


FIGURE 15 - PILOT SENSITIVITY versus 
POTENTIOMETER ROTATION 



Alignment Procedure 

The optimum alignment procedure, with no input 
signal applied, is to adjust R5 until 19.00 kHz is read at 
pin 10 on the frequency counter. 

Another procedure requiring no equipment, other 
than the receiver itself, will result in separation of 
within a, few dB of optimum. This latter method is 
merely to tune the receiver to a stereo broadcast and 
adjust R5 until the pilot lamp turns “on". To find the 
center of the lock-in range, rotate the potentiometer 
back and forth until the center of the lamp "on" range 
is found. This completes the alignment. 

Alternate Timing Network 

The alternate timing network shown, incorporating a 
trimmer capacitor rather than a potentiometer, may be 
used if desired. Again, to provide correct temperature 
compensation, the temperature coefficient of the timing 
network must be approximately -300 PPM. , 


FIGURE 16 



Maximum Load Resistance 

The curve shown gives absolute maximum load re¬ 
sistance values versus supply voltage used for full-signal 
handling capability. With desired load resistance choose 
C2, C3 capacitors to provide standard 75/is de-emphasis. 
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MAXIMUM LOAD RESISTANCE (kJ2) 


MC1310 


APPLICATIONS INFORMATION (continued) 


FIGURE 17 - MAXIMUM LOAD RESISTANCE 



SUPPLY VOLTAGE (Vdc) 

Audio Output 

p-p audio output (one-channel) 

The ratio G =- for 

p-p input signal 

different types of input is as follows: 

INPUT 

Single-Channel Monaural 

Composite Signal Signal 

0.45 0.5 

These figures are for 3.9-kilohm load resistors and for 
low-audio frequencies where de-emphasis roll-off is 
insignificant. 


Capture Range versus Timing Components 

The capture range can be changed to some extent by 
use of different timing components. Typical values are 
shown in Figure 12. 

Composite Signal 

Due to confusion concerning the measurement of the 
stereo composite signal, a curve showing both RMS and 
p-p composite levels versus pilot level follows, see 
Figure 18. 


FIGURE 18-COMPOSITE LEVEL versus PILOT 
(L or R Modulation Only) 



1.0 2,0 5/0 10 20 50 100 200 500 1000 


PILOT LEVEL (mV|RMS)) 
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ORDERING INFORMATION 


Device Tempen 


MC1312P 

MC1314P 

MC1315P 


Temperature Range 


(y>cto +70»c 
o^cto+ro'G 
O’Gto +70®G 


Package 


Plastic DIP 
Plastic DIP 
Plastic DIP 


CBS SO* LOGIC DECODER SYSTEM 

... a matrix system designed to decode SQ encoded program 
material into four separate channels. This system conforms to 
specifications for decoding quadraphonic records produced by the 
largest record companies in the world. 

MC1312P -DECODER 

. .. consists of two high input impedance preamplifiers which are fed 
with left total, Lj, and right total, Rj, signals. The preamplifiers 
each feed two all-phase networks which generate two Lj signals 
in quadrature and two R j signals in quadrature. The four signals are 
matrixed to yield left front, left back, right front, and right back 
signals (Lp', Lg', Rp'. Rr'I- 

MC1314P - VOLTAGE CONTROLLED ATTENUATOR 

... a gain control and balance adjustment unit for use with any 
quadraphonic system. It has four channels whose gain can be varied 
by an external dc voltage. In addition, the relative gain between 
channels can be set by 3 external dc voltages. Thus with four 
variable resistors the master volume Lp/Rp, Lr/Rr and F/B bal¬ 
ance may be controlled. 

MC1315P - LOGIC CIRCUIT 

. . . provides the basic logic function to enhance the front to 
back separation in the CBS SQ four channel decoding system. This 
device is designed to interface with the MCI 312 decoder and MCI 314. 
The MC1315 provides dc logic enhancement control signals which 
extends the performance of the basic SQ system to the levels desired 
for top-of-the-line systems. 


FIGURE 1 - SQ LOGIC DECODER SYSTEM 


0 Master Volume 
0 F/B Balance 
0 Lp/Rp Balance 
0 Lb/Rb Balance 


® 1 ® 1 ® ® 


Mei312P 

MC1314P 

MC1315P 


FOUR CHANNEL SQ 
LOGIC DECODER SYSTEM 

SILI 9 ON MONOLITHIC 
INTEGRATED CIRCUIT 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 


^ Rg' Output 

_ R Phase 

if Shift 
Network 
Vcc 



MC1312P 

R Phase 
Shift 
Network 


P SUFFIX 

PLASTIC PACKAGE 
CASE 648 


Control 
Front GF 


^ Rg Output 

^ Rb' Output 

—n Control 
13 Back GB 

^Lg'Input 
To| Ug Output 


■ 



Lb 



MC1312P 

Lp 



Basic Matrix 

13=1 


MC1314P 

Four Channel 

Decoder 

m 

— t— 


2 Channel 
Input 


MC1315P 
SQ Logic 
Circuit 


Front to Back Separation 15-20 dB 


•Trademark of CBS Inc. 


Control 
Front GF 


161 Rg' Input 
TsI Lp’ Input 


This component is sold without patent indemnity and any infringe¬ 
ment resulting from use or resale thereof shall be the sole responsi¬ 
bility of purchaser and shall not be the responsibility of manu¬ 
facturer or distributor even though such use is in accordance with 
manufacturer's recommendations. 


















MC1312P, MC1314P, MCr315P 
MC1312P • CBS SQ DECODER UNIT 


MAXIMUM RATINGS (T/\ = t25°C unless otherwise noted.) 


Rating 

Value 


Power Supply Voltage 

25 

Vdc 

Power Dissipation @Ta = 25°C 

750 

mW 

Derate above -l■25®C 

6.7 

mW/OC 

Operating Temperature Range 

0 to +70 

°C 

Storage Temperature Range 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Vcc = +20 Vdc, Vjn = 0.5 V(RMS) @ 1 kHz, Ta = +25°C unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Supply Current Drain 

11 

16 

21 

mA 

Input Impedance 

1.8 

3.0 

- 

Mfi 

Output Impedance 

_ 

5.0 


kfi 

Channel Balance (Lp/Rp) 

-1.0 

b 

+1.0 

dB 

Voltage Gain Lp/Ly or Rp/Ry 

-1.0 

0 

+1.0 

dB 

Relative Voltage Gain Lg'/Lp', Rg’/Lp', Lb7Rp', Rb7Rp' 

Lp' measurements made with Ly input, Rp' nneasurements made with 
Ry input. 

-2.0 

-3.0 

tm 

dB 

Maximum Input Voltage for 1%THD at Output Ry or Ly 

2.0 

- 




_ 

0.1 

— 

% 

Signal to Noise Ratio (Short-Circuit Input Vq = 0.5 V(RMS) 
with Output Noise Referenced to Output 

Voltage, Vq) (BW = 20 Hz to 20 kHz) 


80 


dB 


FIGURE 2 - MCI312P TEST CIRCUIT 



FIGURE 3 - EIA STANDARD BLEND 



— 

-> Vcc 



27 kj 


> 27 k 

7.5 k 




Lb" 1 

1—VW—< 

—•rb" 

Lp"*— 

—VW— 

-•Rp" 




39 k 

C 

!> < 

j 



Pin 3 Pin 

14 

<! 





Pin 2 Pin 11 




Note: In applications where tone arm pick-up is connected directly to the 
MC1312P inputs, a 300 k resistor should be inserted in series with 
Rf (Pin 8), and Ly (Pin 6) inputs. 




















































MC1312P, MC1314P, MC1315P 
MC1312P • CBS SQ DECODER UNIT 


APPLICATIONS information 

FIGURE 4 - DECODING PROCESS DIAGRAM 



Lx=Lp + 0.707 Rb - j 0.707 Lb 
Rt=Rf -0.707 Lb + i 0.707 Rb 

Lj and R-p are composite signals from SQ encoded records or SQ broadcast. 


The decoding process is shown schematically in Figure 4. The 
MC1312P circuits that perform this function consists of two 
preamplifiers which are fed with left total, Lj, and right total, 
Rt- signals. The preamplifiers each feed two all-pass* networks 
that are used to generate two Lj signals in quadrature and two 
Rj signals in quadrature. The four signals are matrixed to yield 
left-front, left-back, right-front, and right-back signals (Lp', Lg', 

Rp'- Rb')- 

The all-pass networks are of the Wein bridge form with the 
resistive arms realized in the integrated circuit and the RC arms 
formed by external components. The values shown in Figure 1 
are for a lOO-Hz to 10-kHz bandwidth and a phase ripple of ±8.5® 
on a 90® phase difference. 

It is generally desirable to enhance center-front to center-back 
separation. This is accomplished by connecting a resistor between 
pins 2 and 11 (front outputs) and a resistor between pins 3 and 
14 (back outputs). For a 10% front channel blending^ and a 40% 
back channel blending^,-47 kilohms between pins 2 and 11 and 


7.5 kilohms between pins 3 and 14 is required and results in the 
following equations: 

^Rf" = 0.912 Lj-f 0.088 Rj 
Lf"= 0.912 Rt +0.088 Lj 

Rb"='^ [0.714 (JRT-Lj)-f 0.286 (Rj-JLj)] 

Lb”='^ [0.714 (JLt-Rt)+0.286 (Lj-JR j)] 

To meet the EIA matrix standards with 10/40 blend use 
the circuit of Figure 5, which results in the following equations: 
Rp" = 0.772 (0.995 Rt + 0.0972 Lj) 

Lp" = 0.772 (0.995 Lt + 0.0972 Rt) 

Rg" (0.769) [0.928 (JRt - Lt) + 0.372 (Rt - JLt) ] 

' Lb" ='^ (0.769) [0.928 (JLt - Rt) + 0.372 (Lt - JRt) ] 


•An all-pass network produces phase shift without amplitude variations. 
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MC1312P, MC1314P, MC1315P 

MC1314P • GAIN CONTROL AND BALANCE ADJUSTMENT UNIT 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Value 


Power Supply Voltage 

28 

Vdc 

Input Voltage Swing 

± 6.0 

Vpp 

Volume Control Range 

-0.3 to +8.0 

V 

Balance Control Voltage 

-4.0 to +10 

V 

Output Current Sinking (dc) 

0 

mA 

Output Current Sourcing (dc) 

1.0 

mami 

Power Dissipation @ Ta = +25°C 

750 

mW 

Derate above -t25°C 

6.7 

mW/°C 

Operating Temperature Range 

0 to +70 

°C 

Storage Temperature Range 

-65 to +150 

°C 


FIGURE 5 - MC1314P TEST CIRCUIT 



ELECTRICAL CHARACTERISTICS (Vcc = +20 V, V 4 ' = V 12 ' = 0.60 Vdc, Ta = +25°C, V|n = 1.0 V(rms) @ 1.0 kHz, balance control 


pins open, unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Maximum Gain (Vs = 6 V) 

- 1.0 

1.0 

+3.0 

dB 

Minimurn Gain (Vs = 0 V) 

-60 

- . 

- 

dB 

Gain Spread @ Gain = Max 

- 

1.0 

3.0 

dB 

@Gain = -20dB 

- 

- 

3.0 

dB 

@ Gain i= -40 dB 

- 

- 

3.0 

dB 

Signal Handling (THD < 1%) 

1.3 

- 

- 

Vrms 

Signal Handling (V 4 ' = V 12 ' = 0.42 Vdc balance controls set for max 

0.4 

- 

- 

Vrms 

gain in channel undertest) THD < 1%) 





Total Harmonic Distortion (Vjp = 0.4 Vrms, max gain) 

- ■ 

0.2 

- 

% 

Signal/Noise Ratio (20 Hz - 15 kHz Bandwidth) Note 1. 

' - 

80 

- 

dB 

V|(\j = 0.4 Vrms (ref) , 





Channel Separation Note 2 

- 

60 

- 

dB 

Balance Control Range — 20 dB gain Vs = 6.0 V (wMax Gain) 

- 

20 

- 

dB 

Vs = 3.0 V 6.0 dB Gain) 

18 

26 

- 


Vs= 1.0 V (» 20dB Gam) 

- 

32 

- 


Gain Enhancement (V 4 ' = V 12 ' = 0.42 Vdc compared to 

2.0 

- 

4.0 

dB 

V 4 ' = Vs' = 0.60 Vdc) 





Gain Reduction (V 4 ' = Vi 2 ^ 1-86 Vdc compared to 

7.0 

- 

11 

dB 

V 4 '= Vi 2 ' = 0.60, Vdc) 





Gain Reduction (V 4 ' = Vi 2 ' = 3.12 Vdc compared to 


14 

- 

dB 

V 4 ' = Vi 2 ' = 0.60 Vdc, Vcc = 25 Vdc) 





Supply Current (max gain) (V|n = 0 V) 

- 

19 

25 

mA 

. (min gain) (V||yj>0V) 

- 

9.0 

15 

mA 

Input Impedance 

- 

13 

- 

kn 

Output Impedance 

- — 

2.0 

- 

kn 

Control Current 1 4 or 1 12 

- 

-20 

- 

mA 

Balance Control Reference Voltage (relative to Vcc) 





Lp/Rp & Lb/Rb Controls (Viq/Vcc & Vi 5 q/Vcc) 

- 

15 

- 

% 

F/B Control (Vyq/Vcc) 

- 

13 

- ' 

% 

Intermodulation Distortion (fi = 7 kHz, f 2 = 60 Hz) 

- 

0.6 


% 


Note 1: All Inputs ac shorted 

Note 2: Input to 3-Channels driven, 4th Channej open. 
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TOTAL HARMONIC DISTORTION (%) TOTAL HARMONIC DISTORTION (%) ATTENUATION (dB) 


MC1312P, MC1314P, MC1315P 
MC1314P • TYPICAL CHARACTERISTICS 


FIGURE 6 - ATTENUATION versus CONTROL VOLTAGE 


FIGURE 7 - IDLE CURRENT versus SUPPLY VOLTAGE 




DISTORTION CHARACTERISTICS 


FIGURE 8 - TOTAL HARMONIC DISTORTION 


FIGURE 9 - INTERMODULATION DISTORTION 


versus ATTENUATION 


versus INPUT VOLTAGE 



ATTENUATION (dB) 



FIGURE 10 - TOTAL HARMONIC DISTORTION 
versus INPUT VOLTAGE 



FIGURE 11 - LOGIC VOLTAGE EFFECTS 
ON TOTAL HARMONIC DISTORTION 



Note 3; Major component of THD beyond 20 dB attenuation is noise. 
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MC1312P, IVIC1314P, MC1315P 

MC1315P* DC LOGIC ENHANCEMENT CONTROL UNIT 



MAXIMUM RATINGS (T/v * +25®C unless otherwise noted.) 


Rating 

Value 


Supply Voltage (Note 1) 

25 


Input Signal Voltage 

t4.0 

WEEM 

Bias Terminal Current 

±2.0 

msem 

Output Current 

±2.0 


Power Dissipation @ Ta ^ 25®C 

750 

mW 

Derate above +2S®C 

6.7 

mW/OC 

Operating Temperature Range 

0 to +70 

®C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Ta = +26®C, Vcc = 20 Vdc, Logic Control = 50%, Vim = 0.5 Vrms, f = 2.0 kHz, unless 


otherwise noted. Note 1). 


Characteristic 

Min 

Typ 

Max 

Unit 

Supply Current (Pin 12) @ V|n «• 0 

- 

7.0 

13 

mA 

® V|N = 1.4 Vrms 

- 

15 

- 

mA 

Input Resistance @ Pin 1, 15, 16 

- 

20 

- 

kn 

Output Resistance @ Pin 3, 5 

- 

1.5 

- 

kn 

Paraphase Filter Resistance @ Pin 9,10 

- 

4.0 

- 

kn 

Front-Back Logic Discharge Resistance @ Pin 7, 8 

- 


- 

kn 

Bias Voltage (10 k to ground) @ Pin 13 

- 

1.4 

- 

Vdc 

Logic Control Input Current @ Pin 2 

- 

± 0.5 

- 

mA 

(V2= Vigor V 2 -O) 





Quiescent Input Voltage (V||\( = 0) @ Pin 1, I 5 ,16 

- 

7.0 

- 

Vdc 

Quiescent Output Voltage(V||\| = 0) 

0.48 

- ■ 

0.72 

Vdc 

Quiescent Output Offset (V|fij = 0) 

- 


± 0.1 

Vdc 

Relative Output Change 





Front output with Lg or Rg inputs or back output with Lp or Rp inputs 

2.1 

2.8 

5.0 

V/V 


7.5 

9.0 

14 

dB 

Back output with Cp input 

1.9 

2.5 

3.5 

V/V 


5.5 

8.0 

11 

dB 

Front output with Lp, Cp or Rp inputs or back output with Lg, or Rg input 

0.8 

0.67 

0.56 

V/V 


2.2 

3.5 

5.0 

dB 

AGC Leveling - V|m » 1.4 Vrrns to V||y = 50 mVrms (Note 2) Figure 8 (AGC1, AGC2) 

- 

1.0 

3.0 

dB 

Quiescent Qutput Voltage at Max Logic (St in Position 1, Figure 12) 

0.45 

- 

0.83 

Vdc 

(V|N = 0 , Vg” V 13 ) 





Max Logic Relative Output Change (V 2 * V 13 ) 





Front output with Lg or Rg inputs or back outputs with Lp, Cp or Rp inputs 

- 

5.0 

- 

V/V 


- 

14 

' - 

dB 

Front output with Lp, Cp or Rp inputs or back outputs with LgorRg inputs 

- 

0.67 

- 

V/V 


- 

3.5 

- 

dB 


Note 1: When testing with welt regulated supplies, current should be limited to 25 mA. 

Note 2; For example, this is the decrease in the back control voltage, Vg with a right front input signal as this signal is varied 
from 1.4 Vrms to 50 mVrnf». 
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MC1312P, MC1314P, MC1315P 

MC1315P# DC LOGIC ENHANCEMENT CONTROL UNIT 


FIGURE 12-MC1315P TEST CIRCUIT 



TABLE 1 - DEFINITION OF INPUT SIGNALS: (f = 2.0 kHz) 


V| 

Signal 

Apply 

V, 

Signal 

Apply 

Name 

Description 

To Pin 

Name 

Description 

To Pin 

RF 

0.5 V rms /0£ 

1 

CF 

0.35 V rms <[0° 

1 


0.35 V rms /-90° 

16 


0.35 V rms /-45° 

16 


(1) 

15 


0.35 V rms 70° 

15 

LF 


1 






16 






15 




LB 


1 

AGC1 

(1) 

15 


(1) 

16 


1.0 Vrms/-90O 

16 


0.35 V rms /-90° 

15 


1.4 V rms^ 

1 

RB 

0.35 V rms /SSP 

1 

AGC2 

(1) 

15 


0.5 V rms /0° 

16 


35 mV rms /-90P 

16 


0.35 V rms /0° 

15 


50 mV rms /0° 

1 


(1) All ungsed inputs shall be ac grounded. 

(2) This signal not used at present. 
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MC1312P, MC1314P, MC1315P 

MC1315P • DC LOGIC ENHANCEMENT CONTROL UNIT 


WHY LOGIC? 


Enhances front to back separation from 6 dB to 20 dB. 

Front-to-back separation of SQ material can be enhanced by the MC1315 logic circuit which detects the presence of domin¬ 
ant front or back signals and adjusts the front-back gain relationship of the l\/IC1314P to enhance the relative gain of the dom¬ 
inant channels. 


Encoded 
2 Channel 
Input 



LOGIC DECODER 



Enhanced 
4 Channel 
Output 


Front and back control voltages (from the MC1315P) are connected to the IV1C1314P. Although the relative gains of the front 
and back channels are altered with these control signals, they vary in a complementary manner to maintain constant power 
output from the MCI 314P. 


Basic Matrix 



3 0 3 



CHANNEL SEPARATION 



Basic Matrix 

10-40 Blend 

m 

10 10 Blend 

F-B and W-M Logic 

rr^i 

3 5 3 

1 1 1 

1 

20 

1 

1 1 

20 20 

1 i 

W-U 


20- 


Numb|ers indicate Channel Separation in dB 
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'Note: Coupling capacitor value depends on load 
of following circuit. Zoi^t of MC1314 is 
2 kn (Typ), a nominal capacitance value 
of 1.0 is suggested. 

Component Tolerances 

MC1312P Phase Shift Networks - ±S% R & C's 
All other R ±10% 

Non Electrolytic ±10% 

Electrolytic -20% 

+ 100 % 



MC1312P, MG1314P, MC1315P 













MOTOROLA Semiconductor Products Inc. 


NOTES: (Unless otherwise specified) 

1. 01,2,3,4.9 are MPS-A18 

2. QS is 2N5461 

3. 07,8,10 are MPS-AS5 

4. Aii Diodes ere 1N456 

5. Voi. Semi-Log; P/B Bat. Lp/Bp Bal; 

Lq/Rb BbI. are 5 k Linear Pots 

6. Ail Capacitors Marked* are 5% Tolerance 

7. Coupling Capacitor Value Depend on Load 

of Following Circuit (1.0 pF Nominal is Suggested) 
8.. Adjust 250 n Rheostat so that 09 it Conducting 
for an Input of L-j- =■ 0.5 V^ms »r)d 
RT = 0.08 Vrms @ 1 kHz. With Ly » 0.5 VpjMg 
and Rt = 0.06, 09 should be Cut-Off. 

9. Power Supply; +20 Vdc & 75 mA 
10. All Resistor Values are in Ohms, 

1/4 Watt, 5%. 


FIGURE 14 - CBS LOGIC SYSTEM WITH VARIABLE BLEND (L2a) 



~0 Lp Output 
-)|-0 Rp Output 
See 
Note 7 
C41 

See Note 7 C42 
-^ 1 ■ O Rfl Output 
)j-0 Lg Output 
See 
Note 7 
C43 


MC1312P, IVIC1314P, MC1315P 









GAIN (dB) 


MC1312P, MC1314P, MC1315P 


TYPICAL SYSTEM PERFORMANCE CHARACTERISTICS (MC1312P, MC1314P, MC1315P) 


Power Supply Requirements: 

60 mA (Lla), 75 mA (L2a) @ 20 V 

Nominal Signal Level: 

0.5 V 

Maximum Input Voltage: 

1.9 V 

Input Impedance: 

2 Mfi 

Output Impedance: 

2kn 

Total Harmonic Distortion: 

0.2% at nominal input 

at 1 Hz 

1.0% at maximum input 

Voltage Gain (at quiescent): 

1.0 

4 Channel Volume Control 

Range - 70 dB 


Tracking - within 3 dB 

4 Channel Balance Control: 

-35 dB at -20 dB gain 


NOTES 


MC1314P 

1. If volume control is not usedconnect Pin 8 to+6.0 V. 

2. If balance controls are not used, open Pins 1, Zand 15. 

3. Lp/Rp and Lb/Rr balance controls can be ganged by connecting 

Pins 1 and 15. . 

4. Signal handling capability is reduced at maximum logic (20 dB 
front to back separation) unless Vcc = 25 V on MCI 314. 

MC1315P 

1. The logic control will provide enhancement of front to back 
separation from 6 dB typical to 20 dB max (15 dB typical 
at the recommended operating level of 50% control). 

2. To defeat the logic use the circuit connections as shown on right. 



SYSTEM CHARACTERISTICS 


FIGURE 15 - GAIN versus F/B BALANCE 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

F/B BALANCE CONTROL VOLTAGE (VOLTS) 


FIGURE 16 - GAIN versus Lp/Rp 
BALANCE CONTROL 


+4.0 



0 2.0 4.0 6.0 8.0 

Lf/Rf balance CONTROL VOLTAGE (VOLTS) 
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MC1312P, MC1314P, MC1315P 



Signal Definitions for Total System 

Test signals shall have the follovving relative phase and amplitude characteristics. 


Source Location 

lt 

input Signals 

Rt 

Lp 

1 

0 

Cp 

.71 

.71 

Rp 

0 

1 

Lb 

.71/-90O 

.71/180° 

Rb 

.71 

.71/90° 


Where Lp is left front, Rb is right back, Cp is center front, etc. 


1. System Tests: MC1312P. MC1314P. MC1315P 

a) Lp source - connect signal to Lj input, ac ground Rj input of MC1312P. 

b) Rp source • apply signal to Rj, ac ground Ly. 

c) Cp source - apply equal signals to Lj and Ry inputs. 

NOTES: Balance control inputs of MC1314 may be opened for convenience or set for perfect balance with Cp and Cb 

inputs; set logic control to 50%: Max signal should be limited to 1.6 Vrms Lj or Rf: MC1314P outputs give 
system performance, typically 15 dB front back separation for corners, 12 dB for center front, center back. 


2. Logic Circuit Tests: MC1315P 

a) Lp source - apply Lp' = V2 R 0 ', Rp' = 0; dc voltage at Pin 3 should decrease by 3 dB, at Pin 5 should increase by 9 dB. 

b) Rb source - apply Rp' = V2 Rb', Rp' = 0; dc voltage at Pin 3 should increase by 9 dB, at Pin 5 should decrease by 3 dB. 

3. Voltage Controlled Amplifier Tests: MC1314P 

a) Volume control - with balance controls open or balanced, gain should be +0.5 dB at 6 V on Pin 8 and less than -60 dB. 

atOV. . 

b) Balance controls - with, balance controls at Pins 1 and 15 at 15% of supply and Pin 7 at 13% of supply, system is nom¬ 
inally balanced. Taking Pin 1 to ground should increase Lp gain by 3 dB and decrease Rp gain by greater than 12dB 
at maximum volume and 30 dB at lower volume levels. 
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MC1323P 

MC1323PW 


TRIPLE DOUBLY BALANCED CHROMA 
DEMODULATOR WITH ADJUSTABLE 
OUTPUT MATRIX 

. . . designed for use in soiid-state color television receivers. May be 
used in any conventional color picture tube application. 

For next generation single-gun color picture tube applications, 
the MC1323P/PW features three independent demodulators with 
each gain adjustable with no change to dc output levels. 

The MC1323PW package is suited for higher power, higher 
ambient temperature applications. 

• Low Differential Output DC Offset Voltage - 

<50QmV{Max) 

• Complete Freedom in Choice of Demodulation Axes 

• High Blue Output Voltage Swing - 

10 V(p-p) (Typ) 

• Guaranteed Chroma Sensitivity — 

450 mV|p-p) (Max) 

• Brightness Input Provided 

• Blanking Input Provided 

• Circuit Regulated — 16 to 22 V Operating Window 

• Power Dissipation @T/\ = 25°C - 

PD = 2.2W-MC1323PW 
= 1.25W-MC1323P 


TRIPLE DOUBLY BALANCED 
CHROMA DEMODULATOR 
WITH ADJUSTABLE 
OUTPUT MATRIX 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MC1323P, MC1323PW 



MAXIMUM RATINGS (Ta = ■♦•25^0 unless otherwise noted.)_^ 


Rating MC1323P MC1323PW 


Power Supply Voltage 1 22 


Blanking Signallnput Voltage | 6.0 


Minimum Load Resistance iPins 6,7,10) | 2. 


Brightness Input Range - Max | 10.7 

Min 


Operating Ambient Temperature Range I 0 to+75 


Storage Temperature Range 1 -65 to+150 


Power Dissipation @ T/^ = 25°C 1.25 

Derate above +25^C 10 


THERMAL CHARACTERISTICS 



Characteristic 

Max 

, Unit 

Thermal Resistance, Junction to Ambient 
MC1323PW 

59 

°C/W 




electrical characteristics ( = +18Vdc,RL = 2.2 kSi, Vpgp = 1.0V(p.p),T;^ = +25°C unless Otherwise noted. 1 


Characteristic 


STATIC CHARACTERISTICS (Figure 2) SI, S2. and S3 in Position 1) 


Quiescent Input Current From Supply 


Quiescent Output Voltage 


Differential Output Voltage 


Differential Voltage 


Pin 15 Output Voltage 


DYNAMIC CHARACTERISTICS (Figure 2» 


Chroma Input Voltage 

(Pin 6 Output = 5 V(p-p) SI in Position 2) 


Detected Output Voltage 

(Pin 6 Output = 5 V(p-pl SI in Position 2 


Blanking Output Voltage {S3 in Position 2t 


Maximum Output Voltage Swing 
(SI in Position 2) 


Brightness Output Swing 
(S2 in Position 2) 





























































































MC1323P,IV1C1323PW 


CIRCUIT DESCRIPTION 

The MC1323P is a doubly balanced chroma demodu- the demodulator output (Pin 6). The ability to change 

lator that offers several novel features. Three separate gain, together with a complete choice of demodulation 

independent demodulator sections are used to obtain the axes, allows the designer to compensate for non-standard 

(R-Y), (B-Y) and (G-Y) outputs allowing complete free- CRT phosphors, different color temperatures, and allows 

dom in the choice of demodulation axes and individual easy implementation of automatic hue or color level 

demodulator conversion gain. control circuits. 

The (R-Y) demodulator is shown in Figure 10 (both In order to provide temperature stability of the output 

(B-Y) and (G-Y) are similar), and is a conventional doubly dc levels, a reference voltage for the load resistors (Pins 

balanced circuit. The chroma input, which is common to 5, 8, and 11) is supplied at Pin 15 with a nominally zero 

all three demodulators, is applied at Pin 3 to the balanced TC. Since the demodulator output dc levels are defined 

pair Q15, Q16, which are evenly dividing the 1 mA bias by the voltage source to which the load resistors are re¬ 
current from the current source Q14. The upper switching turned, another voltage source is provided at Pin 16 and 

pairs Q17, Q18, Q19 and Q20 are driven with approxi- is approximately 1.5 volts lower than Pin 15. Returning 

mately 1 Vpp of reference subcarrier applied at Pin 4. If the load resistors to the wiper arms of potentiometers 

the subcarrier at Pin 4 has a relative angle of 109°, then connected between Pins 15 and 16 will allow the output 

the output from the switching pairs will be the desired dc level of each demodulator to be changed independently 

(R-Y) signal. Similarly, for the (B-Y) demodulator, the over a 1.5 V range. If the potentiometers have a corn- 

reference phase at Pin 9 is approximately 3°. To avoid paratively low resistance compared to the load resistors, 

unnecessarily wide phase shift networks to provide the negligible change in ac gain will occur with wiper arm ro- 

256° reference phase for the (G-Y) demodulator, the tation and the dc shift can be used to help set up the 

chroma input is phase reversed and the reference angle picture tube grey scale tracking. The voltage source at 

becomes 76° at Pin 12. Pin 16 is obtained by providing a temperature compen- 

The demodulator is unique in the manner in which the sated current in Q5 emitter load. This current is "mirrored" 

demodulated signals are connected to the output pins. in Q8, producing the 1.5 V difference between the bases 

Instead of feeding load resistors returned to the supply ofQII andQ12. 

voltage rail, the collectors of Q17, Q19 are coupled to The brightness input at Pin 14 allows the dc output 

the current mirror Q21, Q22, Q23. At balance, with no level of all three demodulators to be changed and is a 

chroma input signal, Q17, Q19 current (mirrored in Q23) convenient point for a brightness control or brightness 

matches Q18, Q20 and the net current at Pin 5 is zero. If range/brightness limiter function. 

a load resistor is connected from Pin 5 to some convenient Output blanking during retrace is achieved by applying 

voltage source, the base of Q25 will be at that voltage ■ a -*-3 V pulse at Pin 2 (Q13 base). The outputs become 

regardless of the size of load resistor. Therefore, the con- clamped to Q2 emitter voltage preventing the demodu- 

version gain of the demodulator (defined by the size of lator upper pairs from becoming saturated during blanking 

the resistor at Pin 5) can be easily changed, yet changes in and giving a. very well defined blanking pulse amplitude, 

gain do not result in a change of the dc voltage level at 

typical design.CHARACTERISTICS (Vcc = +18 Vdc, Rl = 2.2 kfi, Vref = l.O V(p-p),Ta =.+25°C) 

































PIN 7,8,10 - OUTPUT VOLTAGE (VOLTS) OETECTEO OUTPUT VOLTAGE (Vp-p) TOTAL HARMONIC DISTORTION (%) 


MC1323P, MC1323PW 


TYPICAL CHARACTERISTICS 

(Ta = 25°C unless otherwise noted. Refer to Figure 2 except where noted.) 


FIGURE 4 - DEMODULATOR GAIN LINEARITY AND TOTAL 

HARMONIC DISTORTION CHARACTERISTICS FIGURE 5 - CHROMA BANDWIDTH 



CHROMA INPUT (mVp-p) 


CHROMA MODULATION FREQUENCY (kHz) 


FIGURE 7 - DETECTED OUTPUT VOLTAGE versus 

FIGURE 6 - DETECTED OUTPUT VOLTAGE SUPPLY VOLTAGE 




FIGURE 8 - DC OUTPUT VOLTAGE versus 
LUMINANCE INPUT 


FIGURE 9 - DC OUTPUT VOLTAGE versus 
SUPPLY VOLTAGE 
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MOTOROLA Semiconductor Products Inc. 


FIGURE 10 — CIRCUIT SCHEMATIC 



MC1323P, IVIG1323PW 











ORDERING INFORMATION 


MC1324P 


Temperature Range 


0°C to +75°C 


Package 


Plastic DIP 


MC1324 


DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH R G B MATRIX 
AND CHROMA DRIVER STAGES 

... a monolithic device designed for use in solid-state color tele¬ 
vision receivers. 

• Luminance Input Provided 

• Good Chroma Sensitivity — 0.36 Vp-p Input for 5 Vp-p Output 

• Low Differential Output DC Offset Voltage — 0.6 V max 

• DC Temperature Stability — 3 mV/°C typ 

• Negligible Change in Output Voltage Swing and Varying 

3.58-MHz Reference Input Signal 

• High Ripple Rejection Achieved with MOS Filter Capacitors 

• High Blue Output Voltage Swing — 10 V(p-p) typ 

• Blanking Input Provided 

• Improved MCI 326 

• Short-Circuit Protected Outputs 


DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 
WITH 

RGBOUTPUT MATRIX 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



PLASTIC PACKAGE 
CASE 646 


FIGURE 1 - MC1324 TYPICAL APPLICATION 





















MC1324 

MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Voltage 

30 

Vdc 

Chroma Signal Input Voltage 

5.0 

V(pk) 

Reference SignaMnput Voltage 

5.0 

V(pk) 

Minimum Load Resistance 

2.2 

k ohms 

Luminance I nput Voltage 

12 

V(p-p) 

Blanking Input Voltage 

7.0 

V(p-p) 

Power Dissipation (Package Limitation) 



F’lastic Package 

625 

mW 

Derate abo(/e T;^ = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +75 

°C 

Storage Terhperature Range 

-65 to +150 

°G 



ELECTRICAL CHARACTERISTICS (Vqc ■ 24 Vdc, V^ef =1.0 VIp-p), R l = 3.3 k ohms, T/\ = +25°C unless otherwise noted.) 


Characteristic 


STATIC CHARACTERISTICS (See Figure 2.) 


Quiescent Output Voltage 


Quiescent Input Current 
(Rl = «4 

(Rl = 3.3 k ohms) 


Reference Input dc Voltage 


Chroma Input dc Voltage 


Differential Output Voltage 


Output Temperature Coefficient 
(Reference Input Voltage =1.0 V(p-p), +25° to +65°C) 


DYNAMIC CHARACTERISTICS (See Figure 3.) 


Detected Output Voltage (See Note 1.) 

+(B-Y) 

-(B-Y) 


Chroma Input Voltage (B-Y Output = 5.0 V[p-p]) (See Note 2.) 


Luminance Input Resistance 


Luminance Gain From Pin 3 to Outputs 
(@ dc) 

(@ 5.0 MHz) 


Blanking Input Resistance 
1.0 Vdc 
0 Vdc 


Detected Output Voltage (Adjust B-Y Output to 
5.0 V(p-p), Luminance Voltage = 23 V) 

G-Y Output 
R-Y Output 


Relative Output,Phase (B-Y Output = 5.0 V(p-p), 

Luminance Voltage = 23 V) 

Ltd \//r, B-Y to R-Y Output 

B-Y to G-Y Output 


I.OV(p-p) 


Demodulator Unbalance Voltage (no Chroma Input 
Voltage and normal Reference Signal Input Voltage) 


Residual Carrier and Harmonics Output Voltage (with 
Input Signal Voltage, normal Reference Signal 
Voltage and B-Y Output = 5.0 V[p-p]) 


Reference Input Resistance 


Reference Input Capacitance 


Chroma Input Resistance 


Chroma Input Capacitance 



1. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage to 1.2 V(p-p). 

2. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage until the Blue Output Voltage = 5 V(p-p). The Chroma 
Input Voltage at this point should be equal to or less than 0.7 V(p-p), 
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DETECTED OUTPUT VOLTAGE (Vlp-pl) 


MCI 324 


TEST CIRCUITS 

(Vcc = 24 Vdc, R L = 3.3 Kilohms, T/^ = +25°C unless otherwise noted.) 


FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 
(B.R.ANOGI 



TYPICAL CHARACTERISTICS 


FIGURE 4 - detected OUTPUT VOLTAGE 

(Test Circuit of Figure 3) FIGURE 5 ^ POWER DISSIPATION 



REFERENCE INPUTiiGNAL AMPLITUDE (V[p-pl ) SUPPLY VOLTAGE (Vdc) 
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MC1324 


FIGURE 6 - CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1327P 

-20°C to -l-75°C 

Plastic DIP 

MC1327PQ 

-20‘‘C to +75°C 

Plastic 


DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH RGB MATRIX. PAL 
SWITCH, AND CHROMA DRIVER STAGES 

... a monolithic device designed for use in solid-state color television 
receivers. 

• Good Chroma Sensitivity — 0.28 Vp-p Input Typical 

for 5.0 Vp-p Output 

• Low Differential Output DC Offset Voltage - 0.6 V Maximum 

• Differential DC Temperature Stability — 0.7 mV/°C 

• High Blue Output Voltage Swing — 10 Vp-p Typical 

• Blanking Input Provided 

• Luminance Bandwidth Greater than 5.0 MHz 


MC1327 


DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 
with 

RGB OUTPUT MATRIX 
AND PAL SWITCH 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 

















MCI 327 


MAXIMUM RATINGS <Ta = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Voltage 

30 

Vdc 

ChromaSignal Input Voltage 

5.0 

Vpk 

Reference Signal Input Voltage 

5.0 

Vpk 

Minimum Load Resistance 

3.0 

k ohms. 

Luminance Input Voltage 

12 

Vp-p 

Blanking Input Voltage 

7.0 

Vp-p 

Power Dissipation (Package Limitation) 



Plastic Packages 

625 

mW 

Derate above T/\ = •^25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

-20 to +75 

°C 

Storage Temperature Range 

—65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vgc = 24 Vdc, R|_ = 3.3 k ohms, = +25°C unless otherwise noted) 

Characteristic | Pin No. | Min [ Typ | Max | Unit 

STATIC CHARACTERISTICS 


Quiescent Output Voltage 

1.2,4 

13.2 

14.5 

15.8 

Vdc 

(See Figure 2) 






Quiescent Input Current from Supply (Figure 2) 





mA 

(Rl = °°) 


- 

7.5 

- 


(Rl = 3.3 k ohms) 


16 

19 

26 


Reference Input DC Voltage (Figure 2) 

5,12,13 

- 

6.2 

- 

Vdc 

Chroma Reference Input DC Voltage (Figure 2) 

8,9,10 

- 

3.4 

- 

Vdc 

Differential Output Voltage 

1,2,4 


0.3 

0.6 

Vdc 

(See Note 1 and Figure 2) 


■ 

- 



Differential Output Voltage 

1,2,4 





Temperature Coefficient (See Note 1 and Figure 2) 



0.7 

_ 

■■■ 

(+25°C to+65°C) 






Output Voltage Temperature Coefficient 

1,2,4 

- 

+0.5 

+ 5.0 

mV/°C 

(See Note 1 and Figure 2) 






(+25°C to +65°C) 






DYNAMIC CHARACTERISTICS (Vcc = 24 Vdc, R|_ = 3.3 k ohms, Reference 

Input Voltage 

1.0 Vp-p, Ta = +25°C unless otherwise 

noted) 

Blue Output Voltage Swing 

4 

8.0 

10 

_ 

Vp-p 

(See Note 2 and Figure 3) 






Chroma Input Voltage (B Output = 5.0 Vp-p) 

8 

- 

280 

550 

mVp-p 

(See Note 3 and Figure 3) 






Luminance Input Resistance 

3 

100 

- 

- 

kn 

Luminance Gain From Pin 3 to Outputs 

1,2,4 




_ 

(@ dc) 


- 

0.95 



(@ 5.0 MHz, reference at 100 kHz) 


- 

-■1.8 


dB 

Differential Luminance Gain, RGB Outputs 





dB 

(@ 5.0 MHz) 


- 

0.3 



Blanking Input Resistance 

6 




kn 

(1.0 Vdc) 


- 

1.1 

- 


(OVdc) 


- 

75 

- 


Detected Output Voltage (Adjust B Output to 5.0 Vp-p, Luminance 

4 




Vp-p 

Voltage = 23 V) 






(See Note 4) G Output 

1 

1.4 

1.8 

2.2 


R Output 

2 

2.5 

2.9 

3.3 


PAL Switch Operating Voltage Range 

11 




Vp-p 

(7.8 kHz Square Wave) 


0.3 

- 

3.0 


R-Y Output dc Offset with PAL Switch Operation 


- 


100 

mVdc 

Demodulator Unbalance Voltage (no Chroma Input Voltage and 

1.2,4 

- 

200 

300 

mVp-p 

normal Reference Signal Input Voltage) 






Residual Carrier and Harmonics Output Voltage (with Input Signal 

1,2,4 


0.6 

1.0 

Vp-p 

Voltage, normal Reference Signal Voltage and 6 Output = 5.0 Vp-p) 






Reference Input Resistance (Chroma Input = 0) 

12,13 

- 

2.0 

- 

kn 

Reference Input Capacitance (Chroma Input = 0) 

12,13 

- 

6.0 

- 

pF 

Chroma Input Resistance 

8,9,10 

- 

2.0 

- 

kn 

Chrorha Input Capacitance 

8,9,10 

- 

2,0 

- 

pF 


NOTES: 


1. Chroma Input Signal Voltage - 0 and normal Reference Input Signal Voltage - 1.0 Vp-p. 

2. With normal Reference Input Signal Voltage, adjust Chrome Input Signal Voltage to 1.2 Vp-p. 

3. With normal Rafafanca Input Signal Voltage, adjust Chroma Input Signal Voltage until the Blue Output Voltage ° 5.0 Vp-p. 

4. With normal Rafaranca Input Signal Voltage, adjust Chroma Input Signal Voltage until the Blue Output Voltage • 5.0 Vp-p. At this point, the 

Rad and Oreen voltages will fall within the specified limits. 
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MCI 327 


MC1327 CHROMA DEMODULATOR (PAL) 


LUMINANCE 

INPUT 


BLANKING 

INPUT 
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MC1327 


TEST CIRCUITS 

(Vcc = 24 Vdc, Rl = 3.3 kilohms, T/^ = +25®C unless otherwise noted) 


FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 
(B, R, AND G) 



FIGURE 3 - DYNAMIC TEST CIRCUIT 



0.1 (if -| p-. pO 

LUMINANCE INPUT jj jj 
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MC1330A1P 

MC1330A2P 


LOW-LEVEL VIDEO DETECTOR 

... an integrated circuit featuring very linear video character¬ 
istics and wide bandwidth. Designed for color and monochrome 
television receivers, replacing the third IF, detector, video buffer and 
AFC buffer. 

• Conversion Gain - 33 dB (Typ) 

• Excellent Differential Phase and Gain 

• High Rejection of IF Carrier Feedthrough 

• High Video Output —8.0 V(p-p) 

• Fully Balanced Detector 

• Output Temperature Compensated 

• Improved Versions of the MC1330P 


CIRCUIT DESCRIPTION 

The MC1330A video detector is a fully balanced multiplier detec¬ 
tor circuit that has linear amplitude and phase characteristics. The 
signal is divided into two channels, one a linear amplifier and the 
other a limiting amplifier that provides the switching carrier for the 
detector. 

The switching carrier has a buffered output for use in providing 
the AFT function. 

The video amplifier output is an improved design that reduces 
the differential gain and phase distortion associated with previous 
video output systems. The output is wide band, > 8.0 MHz, with 
normal negative polarity. A separate narrow bandwidth, positive 
video output is also provided. 


LOW-LEVEL VIDEO 
DETECTOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



OUTPUT VOLTAGE SELECTION 
The MC1330A1P is identical to the IVIC1330A2P 
with the following exception: 


MC1330A1P 

MC1330A2P 


ZERO SIGNAL DC 
OUTPUT Voltage 

7.0to8.2Vdc 

7.8to9.0Vdc 
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MC1330A1P, IVIC1330A2P 


MAXIMUM RATINGS 


Rating 

Value 

Unit 

Power Supply Voltage 

24 

Vdc 

DC Video Output Current 

5.0 

mAdc 

DC AFT Output Current 

2.0 

rnAdc 

Junction Temperature 

150 

Oq 

Operating Ambient Temperature Range 

0td75 

°C 

Storage Temperature Range 

—65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = +20 Vdc, Q = 40, fc = 45.75 MHz, = +25°C unless otherwise noted) 


Characteristic 

Pin 

Min 

Typ 

Max 

Unit 

Zero Signal dc Output Voltage 

MC1330A1P 

■■ 

7.0 . 

- 

8.2 

Vdc 


MC1330A2P 

■■ 

7.8 

- 

9.0. 

Vdc 

Supply Current 

5,6 

11 

17.5 

20 

mA 

Maximum Signal dc Output Voltage 

4 

- 

0 - 

0.5 

Vdc 

Conversion Gain for 1.0 Vp-p Output 


■■ 





(30% Modulation) 


■■ 

25 

36 

65 

mVrms 

AFT Buffer Output at Carrier Frequency 

1 

300 

475 

650 

mVp-p 


FIGURE 2 - TEST FIXTURE CIRCUIT 




1.0 3.0 5.0 10 30 50 100 

FREQUENCY (MHz) 


FIGURE 4 - VIDEO DETECTOR OUTPUT RESISTANCE 



0.1 0.3 0.5 1.0 3.0 5.0 10 

VIDEO OUTPUT CURRENT. PIN 4 (mAdc) 
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IVIC1330A1P, MC1330A2P 


DESIGN CHARACTERISTICS (Vqc = +20 Vdc, Q = 40, fg = 45.75 MHz, T/y = +25°C unless otherwise noted) 


Characteristic 

Pin 

Typ 

Unit 

Input Resistance 


7 

4,9 

kn 

Input Capacitance 


7 

15 

PF 

Internal Resistance (Across Tuned Circuit) 


2,3 

4.4 

kn 

internal Capacitance (Across Tuned Circuit) 


2,3 

1.0 

pF 

Negative Video Output Bandwidth (Figure 10) , 


4 

10.8 

MHz 

Positive Video Output Bandwidth (Figure 10) 


5 

2.2 

MHz 

Differential Phase @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 

Differential Gain @ 3.58 MHz, 100% Modulated 


4 

n 

Degrees 

Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 


4 


% 

Differential Phase @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kn 

Differential Gain 3.58 MHz, 100% Modulated 


o 

8.0 

Degrees 

Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kfl 



6.0 

% 

920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 11) 


4, 

-38 

dB 

45.75 MHz = Reference 

42.17 MHz = - 6dB 

41,25 MHz = -20 dB 





Video Output Resistance @ 1 MHz, 2 mA 

4 

94 

n 

Input Overload (Carrier Level at Input to 

Vcr = 12 Vdc 

7 

2.0 

Volts 

Caused Detector Output, Pin 4, 

Vcc = 15 Vdc 


2.6 


To Go Positive 0.1 Vdc From 

~ 20 Vdc 


3.6 


Ground.) 

Vcc = 24 Vdc 


4.6 


Power Supply Voltage Range 

5 

10 to 24 

Volts . 


FIGURE 5 -DIFFERENTIAL PHASE AND GAIN TEST SET UP 



(^) MOTOROLA Semiconductor Products Inc. 
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(Vdc) OUTPUT VOLTAGE, PIN 4 (Vdc) 


IVIC1330A1P, IVIC1330A2P 
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MC1330A1P, MC1330A2P 


TV-IF Amplifier Information 

A very compact high performance IF amplifier con¬ 
structed as shown in Figure 14 minimizes the number of 
overall components and alignment adjustments. It can be 
readily combined with normal tuners and input tuning¬ 
trapping circuitry to provide the performance demanded 
of high quality receivers. This configuration will provide 
approximately 93 dB voltage gain and can accomodate the 
usual low impedance input network or, if desired, can 
take advantage of an impedance step-up from tuner to 
MC1349P input. 

The burden of selectivity, formerly found between the 
third IF and detector, must now be placed at the inter¬ 
stage. The nominal 3 volt peak-to-peak output can be 
varied from 0 to 7.0 V with excellent linearity and free¬ 
dom from spurious output products. 

Alignment is most easily accomplished with an AM gen¬ 
erator, set at a carrier frequency of 45.75 MHz, modulated 
with a video frequency sweep. This provides the proper 
realistic conditions necessary to operate to lo\Jv-level 
detector (LLD). The detector tank is first adjusted for 
maximum detected dc {with a CW input), next, the video 
sweep modulation is applied and the interstage and input 
circuits aligned, step by step, as in a standard IF amplifier. 

Note: A normal IF sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLD tank attempts to "follow" the sweep input fre¬ 
quency, and results in variations of switching ampli¬ 
tude in the detector. Hence, the apparent overall response 
becomes modified by the response of the LLD tank, 
which a real signal doesn't do. 

This effect can be prevented by resistively adding a, 
45.75 MHz CW signal to the output of the sweep genera¬ 
tor approximately 3 dB greater than the sweep amplitude. 
See Figures 12 and 13 below. For a more detailed descrip¬ 
tion of the MG1330AP see application note AN-545. 

MC1330A General Information 

The MC1330A offers the designer a new approach to 
an pid problem. Now linear'detection can be performed at 

FIGURE 12 - BYPASS DISPLAYED BY 


CONVENTIONAL SWEEP 



much lower power signal levels than possible with a detec¬ 
tor diode. 

Offering a number of distinct advantages, its easy 
implementation should meet with ready acceptance for 
television designs. Some specific features and information 
on systems design with this device are given below: 

1. The device provides excellent linearity of output 
versus input, as shown in Figures 6 and 7. These graphs 
also show that video peak-tp-peak amplitude (ac) does not 
change with supply voltage variation. (Slopes are parallel. 
Visualize a given variation of input CW and use the figure 
as a transfer function.) 

2. The dc output level does change linearly with supply 
voltage shown in Figure 8. This can be accommodated 
by regulating the supply or by referencing the subsequent 
video amplifier to the same power supply. 

3. The choice of Q for the tuned circuit of pins 2 and 3 
is not critical. The higher the Q, the better the rejection 
of 920 kHz products but the more critical the tuning 
accuracy required. See Figure 11. Values of Q from 20 
to 50 are recommended. (Note the internal resistance.) 

4. A video output with positive-going sync is avail¬ 
able at pin 5 if required. This signal has a higher output 
impedance than pin 4 so it must be handled with greater 
care. If not used, pin 5 may be connectecf directly to the 
supply voltage (pin 6).The video response will be altered 
somewhat. See Figure 10. 

5. An AFT output (pini) provides 460 mV of IF, 
carrier output, sufficient voltage to drive an AFT ratio 
detector, with only one additional stage. 

6. AGC lockout can occur if the input signal pre¬ 
sented in the MC1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page 3. If these values are exceeded, the turns ratio be¬ 
tween the primary and secondary of T•) should be in¬ 
creased. Another solution to the problem is to use an in¬ 
put clamp diode D-] shown in Figure 14. 

7. The total I.F. noise figure at high gain reductions 
can be improved by reflecting 1 k source impedance to 
the input of the MC1330AP. This will cause sorne loss in 
overall IF voltage gain. 

FIGURE 13 - BYPASS DISPLAY WITH THE ADDITION 
OF CARRIER INJECTION 



(^) MOTOROLA Semiconductor Products Inc. 

7-55 








MC1330A1P, MC1330A2P 


FIGURE 14 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330A LOW-LEVEL VIDEO DETECTOR CIRCUIT 



46 MH? <fll 
INPUT 


6 6^ 


si 

4 02 

C3 


j 0.002 

0.002 


r 

Mr 

s uf 

L .. _ 

L.. 


: 0 002//F 

C11 

0.002 Ilf 


MOD 

CIO tOl * 
:56 pF 


CI2 <R5 
0.002 pF >4.3 k 


’ 20V- 

AUXILIARY VIDEO 
OUTPUT 


70 66 "SO 4< 


PRIMARY VIDEO 
, AND SOUND OUTPUT 


’33pF 92 9' 3.0pF 


rn I 
nn^T. 


2 I I I I -I, 3 L.,n ' ' '-1^ 

TURNS'^ TURNS TURNS 

AU windings 22 AWG tinned nylon wound with 28 AW6 tinned nylon 

acetate wire tuned with Coilcraft «61 acetate wire tuned by distorting winding, 

slugs, size 10-32, or equivalent 

*See Note 1 (page 3), and C4, Parts list (page 4) lor this specification on the MC1349P Data Sheet. 

**See Input Overload Section of the Design Characteristics Page 3, and General Information, Page 5, Note 6. 











Device 


MC1331P 


Temperature Range 


O'C to +75°C 


Package 


Plastic DIP 


MC1331P 


LOW-LEVEL VIDEO DETECTOR 

... an integrated circuit featuring very linear video characteristics 
and wide bandwidth. Designed for color and monochrome television 
receivers, replacing the third IF, detector, video buffer, AFC buffer, 
sound IF detector, and sync separator. 

• Conversion Gain — 34 dB typical 

• Video Frequency Response at 8.0 MHz < 3.0 dB 

• Input of 36 mV Produces 3.0 V (p-p) Output 

• High Video Output — 6.0 V (p-p) 

• Fully Balanced Detector 

• Separate Sound Detector 

• Differential Inputs 


CIRCUIT DESCRIPTION 


The MC1331 video detector is a fully balanced multiplier detector circuit 
that has linear amplitude and phase characteristics. The signal is divided into 
two channels, one a linear amplifier and the other a limiting amplifier that 
provides the switching carrier for the detector. The input signal level is sensed 
by an overload protection circuit and clamps the video output amplifier, 
preventing AGC system lock out. 

The switching carrier is also used in the sound detector, converting the 41.25 
MHz sound carrier into the 4.5 MHz IF frequency. The sound detector has a 
tuned 4.5 MHz tank circuit to develop the narrow band sound carrier output. 

The switching carrier has a buffered output for use in providing the 
AFT function. 

The video amplifier output is an improved all NPN design that reduces the 
differential gain and phase distortion associated with previous video output 
systems. The output is wide band, > 8.0 MHz, with normal negative polarity. 
A separate, narrow bandwidth, positive video output is also provided. Internal 
regulation maintains the video output dc reference essentially independent of 
supply voltage variations and reduces the variation in the absolute value of the 
reference level. 

The circuit includes an inexpensive sync separator circuit. 


LOW-LEVEL VIDEO 
DETECTOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 






















MC1331 


MAXIMUM RATINGS 


Rating 

Value 

Unit 

Power Supply Voltage 

15 

Vdc 

Input Voltage 

2.0 

V(RMS) 

Maximum DC Video Output Current 

5.0 

mAdc 

Maximum DC Sync Separator Current (Pin 2) 

4.0 

mAdc 

Power Dissipation @ Ta = 25°C 

1.2 

Watts 

Derate above 25°C 

to 

mW/°c 

Operating Ambient Temperature Range 

Oto 75 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Q = 20 , fc = 45 MHz, Ta = 25°C unless otherwise noted.) 


Characteristic 

Pin 

Min 

Typ 

Max 

Unit 

Supply Voltage Range 

- 

10.5 

- 

15 

Vdc 

Supply Current Ratige (Zero Signal Input) 

12 

26 

30 

34 

mA 

Zero Signal dc Output Voltage (Figures 3, 4) 

5 

6.8 

7.8 

8.8 

Vdc ' 

Video Output Transfer Gain (Figure 3) 

(Vpin 13 = 60 mV(rms) @ 45.75 MHz) 

5 

2.0 

3.0 


Vdc 

High Frequency Video Output Voltage Swing (@4.5 MHz) 

(Vpin 13 = 60 mV(rms) @ 45.75 MHz), (Vpin 14 = 30 mV(rms) 
@41.25 MHz) 

5 

1.6 

2.4 


V(p-p) 

RF Rejection 

(Vpin 13 = 60 mV(rms) @ 45.75 MHz) 

5 

, _ 

150 

450 

mV(p-p) 

Maximum Signal Output 
(V 2 , See Figure 3) 

5 


“ 

100 

mVdc 

Available Positive Video Output Swing 

(Vpin 12 -Vpin 4 ) 

4,12 

8.0 

10.5 

■- 

V(p-p) 

AFT Output Voltage Swing 

8 

75 

150 

- 

mVdc 

Transfer Function Negative Offset Voltage (Figure 4) 

(Vin = 0to5mV) 

5 

- 

_ 

100 

mVdc 

4.5 MHz Sound Detector Conversion Gain (BW = 200 kHz) 

(Vpin 13 = 60 mV(rms) @ 45.75 MHz), (Vpin 11 = 5 mV(rms) 

@41.25 MHz) 

9 . 

35 

50 


mV(rms) 

Sync Separator Leakage 

(Vcc ~'^Pin 2 '^L “ 10 kfl. Pin 3 Open) 

2 

_ 

“ 

10 

MAdc 

Sync Separator Voltage Swing 
(Vcc - Vpin 2. 'Pin 3 = 50 pA) 

2 

10 



Vp -p, 


Cl 33 pF 
C2 150pF 

LI 7 1/2 turns AWG #22, 

Core -3/8" Carbonyl E Material 
L2 40 Turns AWG #36 +Vcc 

Core -1/2" Carbonyl E Material 


FIGURE 2 - TEST CIRCUIT SCHEMATIC 

r 45.75 MHz- 



+ Vcc 


■O Positive Video Output 


■O Negative Video Output 
-——P5V0 


—7.8 V 
h 5.8 V 
4.6 V 
h 3.4 V 


ALiGNMENT PROCEDURE: 

LI With 60 mV (RMS) ®46.76MHzinput®Pln 13, the 
output of Pin 5 it monitored arid LI core it adjusted 
for minimum dc ® Pin 5. This Is equivalent to maxim!' 
zing the video output (AP5V). 


4.5 MHz 

Tank Circuit _J tr 

4.5 MHz Output 6 


OAFT Output 


'M" 


MOTOROLA 


+vgc 

L2 WItfi 60 mV (RMS) ® 45.75 MHz Inputat Pin 13, and 
5 mV(RMS) ® 41.25 MHz ® Pin 11, the ac output 
voltaga on Pin 9 Is monitored. L2’core .Is adjusted for 
maximbm 4.5 MHz output ® Pin 9. 

Semiconductor Products Inc. - 
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MC1331 


DESIGN CHARACTERISTICS (Vgc “ +12 Vdc, Q = 20, fc =45 MHz.Ta = 25°C unless otherwise noted.) 


Characteristic 

Pin 

Typ 

Unit 

Input Resistance 



kn 

Input Capacitance 



pF 

Input Resistance 

11 


kn 

Input Capacitance 

11 


pF 

Internal Resistance (Across Tuned Circuit) 



kn 

Internal Capacitance (Across Tuned Circuit) 



pF 

Video Output Resistance @ 4.5 MHz 

5 

25 

n 

Sound Detector Output Resistance 

9 

100 

n 

Negative Video Output Bandwidth (Figure 7) 

5 

8.0 

MHz 

Positive Video Output Bandwidth (Figure 7) 

4 

3.0 

MHz 

Differential Gain @ 3.58 MHz 

5 

5.0 

%' 

Differential Phase @ 3.58 MHz 

5 

5.0 

Degrees 

920 kHz Beat Output (Below 100% Modulated Video) U) 

5 

36 

dB 

(45.75 MHz = Reference) 




(42.17 MHz =-6.0 dB) 




(41.25 MHz =-20 dB) 




Video Output Supply Rejection 


20 

dB 

(d Pin 5 Vo/d Vcc) 




Carrier Rejection (Sound Channel) 

9 

-20 

dB 

Modulation Rejection in AFT Output *2) 

- 

30 

dB 

(1 kHz Sideband) 





(1) Undesired beat product between 42.17 MHz subcarrier (-6 dB) and the 41.25 MHz soundcarrier (-20 dB) 
relative to the 3.58 MHz output. Carrier levels are relative to the 45.75 MHz carrier. 

(2) Residual at 90% double sideband modulated at 1 kHz on 45.75 MHz video carrier. 


TYPICAL OUTPUT CHARACTERISTICS 

FIGURE 3 - OUTPUT VOLTAGE TRANSFER FUNCTION FIGURE 4 - OUTPUT VOLTAGE TRANSFER FUNCTION 

10 
9.0 

i 8.0 

> 

7.0 
a 

§ 6.0 
o 

> 5.0 

h- 

I 4.0 

i 2.0 
1.0 
0 

0 20 40 60 80 100 120 140 " 160 

Pin 13,45.75 MHz INPUT (mV(RMS)) 


Circuit diagrams Utilizing Motorola products are included as a means is believed to be entirely reliable. However, ho responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not* 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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.5 1.0 2.0 5.0 10 20 SO 100 200 

Pin 13,45.75 MHz INPUT (mV-RMS) 


D 1.0 2-0 3.0 4.0 5.0 B.O 7.0 8.0 

Pin 11,41.25 MHz INPUT (ntiV-RMS) 


FIGURE 7 - VIDEO OUTPUT RESPONSE 


Pin 5- Negative Video 


i^SSEHISli 


FIGURE ^ - VIDEO OUTPUT PRODUCTS 


Reference = 3.58 MHz Output 


45.75 MHz Input = 25 mV(RMS) 
42.17 MHz Input* 12.5 mV (RMS) 
41.25 MHz Input - Relative to 
45.75 MHz Input 



Pin 6-7 damping changed 


VIDEO OUTPUT RESPONSE (MHz) 


RELATIVE 41.25 MHz INPUT LEVEL (dB) 


FIGURE 9 - VIDEO IF APPLICATION CIRCUIT 


L2L 
1 MHz. 



41 


} 4 1 4 I |8| 
Turns Turns 


PF 0.001 pF 




■ 



T1 windings #26 AWG tinned LI Coiicraft unicoil or T-form, L2 Coilcraft T-form, 40 turns 


nylon acetate wire. 7-1/2 turns of AWG #22. 

Cores 3/8" — Carbonyl E Material core — 3/8 inch Carbonyl E 
Material 


of AWG #36 , core — 1/2 inch 
Carbonyl E Material 


L3 Coilcraft unicoil, 5-1/2 turns 
of AWG #22, Core - 3/8 inch 
Carbonyl J Material 
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APPLICATION INFORMATION 

(For further information, see AN-751) 


The video IF amplifier shown in Figure 9 provides 
excellent system performance required in TV receivers. 
Typical L-C input selectivity and trapping network may be 
added or the selectivity element could be a block filter. 
The system shown has a gain in the video channel of 85 d8, 
measured from the input of the MCI349. The unique 
interstage shown eliminates the previous performance 
trade-off between adequate 41.25 MHz rejection in the 
video channel and sufficient 4.5 MHz detection for good 
sound performance. Figure 4 shows the interstage response 
of double tuned transformer T1 and the 41.25 MHz take¬ 
off circuit. The 41.25 MHz rejection in the video channel 
is TO dB. With a total sound carrier attenuation of 26 dB 
in the video channel, the 920 kHz rejection of the MCI 331 
is in excess of 40 dB. The output from the sound detector 
is greater than 5 millivolts, sufficient to maintain the 
sound IF system in hard limiting. 

The alignment of the system is similar to that previously 
used in the MG1330 operation. A signal, comprised of a 
45.75 MHz carrier, modulated with video sweep informa¬ 
tion, provides the simplest alignment. The detector coil, 
LI, is peaked for maximum detected dc with the unmodu¬ 
lated carrier. Then the video sweep modulation is applied 
and the interstage and possible input circuits are aligned. 
The 41.25 MHz trap coil, L3, is then adjusted temporarily 
for minimum 41.25 MHz. The output of the sound de¬ 
tector is then monitored (Figure 5). The 4.5 MHz coil, 
L2, is aligned for maximum output. The trap coil, L3, 
can then be optimized for maximum 4.5 MHz output. 

Note: A normal IF sweep generator, essentially an FM 
generator, will not s^rve properly without modification. 
The detector tank attempts to "follow" the sweep input 
frequency, and results in variations of the switching carrier 
amplitude in the detector. Hence, the apparent overall 
response becprfies modified by the response of the detector 
tank circuit. This does not occur when a normal video IF 
signal is applied,'as a true fixed carrier is available to "lock" 

’ FIGURE 10 - VIDEO CHANNEL OUTPUT - PIN 5 


the detector tank circuit. 

Thi's effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweep generator 
at approximately p dB greater than the sweep amplitude. 

Thecircuitdescribed in Figure 12 is Capable of providing 
the high performance required of quality TV receivers. 
The sound IF carrier (41.25 MHz) is separated from the 
video IF inforrhation early in the system, avoiding inter¬ 
modulation in the video channel and any degradation of 
the sound noise figure performance. The signal is recom¬ 
bined in the MC1331 for normal intercarrier demodulation. 
The separate 41.25 MHz amplifier has 40 dB voltage gain, 
sufficient for driving the sound detector, which provides 
at least 5' millivolts of 4.5 MHz with normal picture 
carrier to sound carrier ratios. The L3 circuit Q is approxi¬ 
mately 20 (see Figure 12), narrowing slightly at maximum 
gain; this requires alignment of this sound amplifier at 
maximum gain. 

The video channel incorporates the MC1352, which 
includes the AGC function. The AGC for the sound ampli¬ 
fier is derived from Pin 14 of the MC1352. In set parti¬ 
tioning which includes a separate AGC-sync circuit (jungle) 
the amplifier could be the MCI349. The circuit shown has 
^0 dB gain, including the block filter insertion loss of 
15 dB. The video response, shown in Figure 14, is mainly 
determined by the bandpass filter; which could be an 
acoustic surface wave filter as shown, a block L-C filter, or 
a discrete component L-C network. The pre-amplifier is 
included to improve the noise figure of the system, and to 
provide isolation of the 41.25 MHz trap from the block 
filtering. The interstage is broad tuned with fixed chokes. 
Since the system includes high attenuation of the 41.25 
MHz, the detector coil (LTO) could be heavily damped, 
i.e., Rd = 2 kS2, allowing for the possibility of pre-tuning 
the detector coil. This will show a slight degradation of 
beat product rejection as shown in Figure 4, The detector 
alignment is the same as described. , 

. FIGURE 11 - SOUND CHANNEL OUTPUt - PIN 9- 
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FIGURE 12 - APPLICATION CIRCUIT USING MC1352 

- 8 VP.,se,j, <j..24VcC 33 ^ 

wv- 


4.5 MHz AFTj 


45.75 MHz 
33 pF 


24 O Vcc 



AFT 

1 k Output 


L5,L6 

L7,L8 


10 HH Choke ~ — — 

QVi Turns, AWG #18 Copper Wire 
PAUL SMITH CO Coil Form SK308 
3/8" 10-32 Core ■ Carbonyl J Material 
4’/! Turns, AWG #22 Copper Wire 
PAUL SMITH CO. Coil Form SK478 I 
3/8" 10-32 Core — Carbonyl E Material 
21 Turns, AWG #36Copper Wira Oyer 
3.3 kSZ Resistor, 1/2 W I 

0.47/uH Choke 

8 Turns, Center Tapped, Air Core 
AWG ,#36 Single Cell Copper Wire l 

40 Turns, AWG #36 Copper Wire 
PAUL SMITH CO. Coil Form EF186 
3/8" 10-32 Core — Corbonyl E Material 


I'A Turns, AWG #22 Copper Wire 
PAUL SMITH CO. Coil Form SK-478 
3/8" 10-32 Core — Carbonyl E Material 1 

31/6 Turns, AWG #20 Copper Wire 
COILCRAFT T-Form [Start at Pin 3(MG1364)I 
3/8" 10-32 Core - Carbonyl T Material 
21/3 Turns, AWG #20 Copper Wire 
Over Bottom End of L11 IFinish at Pin 9 (MC1364)! 
3/8" 10 32 Core — Carbonyl T Material 
3 T/6 Turns, AWG #20 Copper Wire 
Center Tapped. 

3/8" 10-32 Core — Carbonyl T Material 


MC1331 










FIGURE 13 - SOUND CHANNEL OUTPUT 


FIGURE 14 - VIDEO CHANNEL OUTPUT 
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FIGURE IS-CIRCUIT SCHEMATIC 


IlSi 




JR34 
R36 f 200 





MOTOROLA Semiconductor'Products Inc 




















ORDERING INFORMATION 


Device Temperature Range 


MC1344P 0°Cto+70°C 


Package 


Plastic DIP 


MC1344 


TV SIGNAL PROCESSOR 


... a monolithic TV circuit with sync separator, advanced noise 
inversion, AGC cpmparatpr, and versatile RF AGC delay amplifier 
for use in color or monochrome TV receivers. 


• Video Internally Delayed for Total Noise Inversion 

• Low Impedance, Noise Cancelled Sync Output 

• Refined AGC Gate 

• Small IF AGC Output Change During RF AGC Interval 

• Positive and ISjegative Going RF AGC Outputs 

• Noise Threshold May Be Externally Adjusted 

• Time Constants for Sync Separator Externally Chosen 

• Stabilized for ±10% Supply Variations 


TV SIGNAL 
PROCESSOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


























MCI 344 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Voltage (Pin 11) 

+22 

Vdc 

Video Input Voltage (Pin 1) 

+10 

Vdc 

Negative RF AGC Supply Voltage (Pin 3) 

-10 

Vdc 

Gating Voltage (Pin 9) 

15 

Vp-p 

Sync Separator Drive Voltage (Pin 12) 

7.0 

Vp-p 

Power Dissipation (Package Limitation) 



Plastic Package 

625 

mW 

Derate above Ta = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +70 

°C 

Storage Temperature Range 

-55 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vqc “ '•■18 Vdc, Ta “ +25°C unless otherwise noted,) 
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IF AMPLIFIER 

... an integrated circuit featuring wide range AGC for use as an 
IF amplifier in radio and television applications over the temperature 
range 0 to+70°C. 

• Power Gain — 60 dB typ at 45 MHz (pin 3 open) 

— 56 dB typ at 58 MHz (pin 3 open) 

— 61 dB typ at 45 MHz (pin 3 bypassed) 

— 59 dB typ at 58 MHz (pin 3 bypassed) 

• AGC Range- 80 dB typ, dc to 45 MHz 

• High Output Impedance 

• Low Reverse Transfer Admittance 

• 15-Volt Operation, Single-Polarity Power Supply 

• Improved Noise Figure versus AGC 


IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION OF WIC1349P VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 

,80 ,20 +I 


0.002 mF 0.002 kF; 


45 MHz < 
INPUT 



> 8( 

|0.002 
^ kF 



: 0.002 aif 

0.002 mF 


18 V^- 



( 59 4<^ 

IVIC1330A1/2P 

6 3 1 

’ 33 pF (’2 .. 




AUXILIARY VIDEO A 

OUTPUT wi KyvW 

-914 V- 


PRIMARY VIDEO 
AND SOUND OUTPUT 



2 ' ' 'i- 3 L#io 

TURNS'^ TURNS 

All windings #22 AWG tinned nylon Li woi 

acetate wire tuned with Coilcraft #61 acetatE 

slugs, size 10-32, or equivalent. 

*See Note 1 (page 3), and C4, Parts List (page 4) of this specification. 


P'l I 

nn=i^’ 


TURNS 

Li wound with =26 AWG tinned nylon 
acetate wire tuned by distorting winding. 
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IVIC1349P 


MAXIMUM RATINGS (T/^ = -t-25*’C unless otherwise noted). 


Rating 

Value 

Unit 

P 9 wer Supply Voltage (Vcci) 

+18 

Vdc 

Output Supply Voltage IVcc 2 ) 

+18 

Vdc 

AGC Supply Voltage 

^ Vcci IP'P 2) 

Vdc 

Differential Input Voltage 

5.0 

Vdc 

Power Dissipation (Package Limitation) 



Plastic Package 

625 

mW 

Derate above T/^ = +25®C 

5.0 

mW/°C 

Operating Temperature Range 

Oto +70 

°C 

Storage Temperature Range 

-65 to +150 

•^c 


ELECTRICAL CHARACTERISTICS ( Vcqi = +12 Vdc [pin 2] , Vcc2 " ''■'•5 Vdc [pins 1 and 8] , = +25°C unless otherwise noted.) 


Chafacteristic 

Min 

Typ 

Max 

Unit 

AGO Range, 45 MHz (5.0 V to 7.5 V) (Figure 3) 

70 

80 

- 

dB 

Power Gain (Pin 5 grounded via 5.1 kn resistor, input pin 4) 
f = 45 MHz, BW (3 dB) = 4.5 MHz, Tuned Input, pin 3 open 

52 

60 

_ 

dB 

Untuned Iriput, pin 3 bypassed 

- 

61 

- 


f = 58 MHz, BQ (3 dB) = 4.5 MHz, Tuned Input, pin 3 open 

- 

56 

- 


Untuned Input, pin 3 bypassed 

- 

59 

- 


Maximum Differential Output Voltage Swing 

- 

6.0 

- 

Vp-p 

Output Stage Current (pins 1 and 8) 

- 

9.0 

- 

mA 

Amplifier Current (pin 2) 

- 

15 

20 

mAdc 

Power Dissipation 

- 

315 

400 

mW 

Noise Figure 


8.5 


dB 

f = 45 MHz, Tuned Input, pin 3 open. Gain Reduction = 15 dB 






DESIGN PARAMETERS (Vcci = +12 Vdc, [pin 2], Vqq2 ~ fP'fs 1 and 8), = +25°C unless otherwise noted.) 




1 Frequency | 


Parameter 

Symbol 

tmmmm 

58 MHz 

Unit 

Single-Ended Input Admittance, input pin 4, AGC min 




mmhos 

Pin 3 open 

gii 


0.95 


Pin 3 open 

b11 


2.4 


Pin 3 bypassed 

gii 


5.4 


Pin 3 bypassed 

b11 


6.9 


Differential Output Admittance, AGC max 

g22 

5.5 

8.3 



b22 

270 

360 

lilllilHi 

Reverse Transfer Admittance (magnitude) 


1.5 

2.0 

Mmhos 

Forward Transfer Admittance 





Magnitude, pin 3 open 


520 

400 

mmhos 

Angle (0 dB AGC), pin 3 open 


100 

130 

degrees 

Magnitude, pin 3 bypassed 


1020 

800 

mmhos 

Angie (0 dB AGC), pin 3 bypassed 


120 

400 

degrees 

Single-Ended Input Capacitance, AGC min 




PF 

Pin 3 open 


6.8 

6.7 


Pin 3 bypassed - 


2.3 

20 


Differential Output Capacitance (AGC max) 

j 

1.0 

1.0 

pF 





















































































MC1549P 





FIGURE 2 - CIRCUIT SCHEMATIC 



GENERAL INFORMATION 

The Mdl349P is an improved version of the MC1350P. Fea¬ 
turing higher gain, a lower noise figure, and greater AGC range; 
in addition, an emitter of the input amplifier is available for by¬ 
passing. This provides a low input impedance with good gain, 
useful for untuned input configurations. 

Both input and output IF amplifier sections are gain-controlled 
in the MC1349P, with the input amplifier also serving as an AGC 
amplifier for the output section. During the initial part of AGC 
gain reduction, the gain of the input amplifier decreases only a 
fevv dB while the output section decreases 15 dB; further AGC 
acts upon the input section. Although the gain reduction curve 
was taken with 5.1 kilohms at pin 5, higher series resistance can 
be used to reduce the voltage and temperature sensitivity of the 
AGC. Pin 5 currents are shown on the AGC curve, see Figure 10. 

In use, it is important to bypass pin 2, both for IF frequencies 


and for low frequencies, (as shown in the test circuits). This is 
due to the dual function of the input amplifier. If replacing MC- 
1350P take precaution not to ground pin 3, (not used in the 
MC1350P). Due to the significantly higher gain of the MC1349P, 
extra care in layout should be exercised. 


NOTE 1: The references to bypasses at pin 3 do not give specific 
values (C4, see Figures 1 and 4). In all cases, measure¬ 
ments were taken with a bypass at a standard value as 
near as possible to series resonance. The values are de¬ 
pendent on test frequency and circuit layout. , Fully 
bypassing pin 3 reduces the input signal handling capa¬ 
bility before distortion from over 100 mV(RMS) to 
approximately 25 mV(RMS). C4 = 0.002 /uF “ 45 
MHz is a typical value for printed circuit applications. 
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MC1349P 


TEST CIRCUITS 


INPUT I 

Rs = 50 n • 


FIGURE 3 - TUNED INPUT 
(PIN 3 OPEN) 


C2J 

i 1 h 

1 

n 1 

r 

^ - 

1 

1 

4C13491 
1 

■ j 


65 < 

H 1 



5.1 k| cp^:; 

Cp| 



Vcci Vcc 2 

Lp • + 12V f+IS 


2.0 liF 

r 


OUTPUT 
rl = 50 n 


I _. 11 - 


INPUT 
Rs “ 50 SI 


FIGURE 4 - UNTUNED INPUT 
(PIN 3 BYPASSED TO GROUND) 


L, 

1 

1 

1 

»3 j 0 

1 

IVIC1349P 

1 

65 ( 

u 

_ 1 

7 

Cpj 


VCCI Vcc2 
Lp f + 12V f + 15V 


Cp ...^2.0iUF Cp 


'-P 


OUTPUT 
j RL = 50n 


I__I 


VaGC 

PARTS LIST 


COMPONENT 

45 MHz 

58 MHz 

Cl 

8-60 pF 

50-100 pF 

C2 

3-35 pF 

3-35 pF 

C3 

1-7.0 pF 

1-7.0 pF 

C4 

82-470 pF 

82-470 pF 

Cp 

0.0015 pF 

0.001 pF 

LI 

0.84 pH 

0.33 pH 

Lp 

10 pH 

10 pH 


Primary 14 turns center-tapped 

Secondary 2>4 turns (45 MHz tuned input 

pin #3 open) T'A turns (all 
other fixtures) wourid over 
primary 

Wire: #26 AWG tinned nylon acetate wound 
on 1/4" diameter coil form 
Core: Arnold Type TH, 1/2" long or equivalent. 









MC1349P 


TYPICAL CHARACTERISTICS 


FIGURE 5 - SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 OPEN) 


FIGURE 6 - SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 BYPASSED TO GROUND) 



10 20 30 50 70 100 

FREQUENCY (MHj) 



FIGURE 7 - SINGLE-ENDED FORWARD 
TRANSFER ADMITTANCE 



FIGURE 8 - DIFFERENTIAL OUTI'UT ADMITTANCE 
(MAXIMUM AGO 

0.7 
0?6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 

10 20 30 50 70 100 

FREQUENCY (MHz) 




0 , 10 20 30 40 50 

GAIN REDUCTION (dB) 


7 


FIGURE 10 - GAIN REDUCTION 


•agc (IaA) 
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022, OUTPUT SUSCEPTANCE (mmhos) 









ORDERING INFORMATION 


Device Temperature Range 


MC1350P 


0°C tp +75°C 


Package 


Plastic DIP 


MC1350 


MONOLITHIC IF AMPLIFIER 


... an integrated circuit featuring wide range AGC for use as an IF 
amplifier in radio and TV over the temperature range 0 to +75°C. 
The MCI352 is similar in design but has a keyed-AGC amplifier as an 
integral part of the same chip. 

• Power Gain — 50 dB typ at 45 MHz, 

- 48 dB typ at 58 MHz 

• AGC Range - 60 dB min, dc to 45 MHz 

• Nearly Constant Input and Output Admittance Over the Entire 

AGC Range 

• y2l Constant (-3.0 dB) to 90 MHz 

• Low Reverse Transfer Admittance — « 1.0 /imho typ 

• 12-Voit Operation, Single-Polarity Power Supply 


IF AMPLIFIER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



FIGURE 1 - TVpICAL MC1350 VIPEO IF AMPLIFIER 
and IV1C1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 



All windings #30 AWG tinned nylon 
acetate wire tuned with Arnold Type 
TH slugs. 


Li wound with #26 AWG tinned nylon 
acetate wire tuned by distorting winding. 






















MC1350 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

v+ 

+18 

Vdc 

Output Supply Voltage 

Vt.Vg 

+18 

Vdc 

AGC Supply Voltage 

VaGC 

V+ 

Vdc 

Differential Input Voltage 


5.0 

Vd<; 

Power Dissipation (Package Limitation) 

Pd 



Plastic Package 


625 

mW 

Derate above 25*’C 


5.0 

mW/°C 

Operating Temperature Range 

Ta 

0 to -t75 

°C 


ELECTRICAL CHARACTERISTICS {V+ = +12 Vdc; Ta = +250C unless otherwise noted) 


Characteristic 

Symbol 

Min 


AGC Range, 45 MHz (5.0 V to 7.0 V) (Figure 1) 


60 


Power Gain (Pin 5 grounded via a 5.1 kfi resistor) 
f = 58 MHz, BW = 4.5 MHz ) ^ 

f = 45 MHz, BW = 4.5 MHz | ® 

f= 10.7 MHz, BW = 350 kHz 
f = 455kHz,BW = 20kHz 1 See F.gure 6 

Ap 

46 


Maximum Differential Voltage Swing 

0 dB AGC 
-30 dB AGC 

Vo 

- 


Output Stage Current (Pins 1 and 8) 

'l +>8 

- 


Total Supply Current (Pins 1, 2 and 8) 

•s 

- 


Power Dissipation 

Pd 

- 




DESIGN PARAMETERS, Typical Values (V+ = +12 Vdc, Ta 


Parameter Symbol 


Single-Ended Input Admittance 911 


Input Admittance Variations with AGC 
(0 to 60 dB) 


Differential Output Admittance 


Output Admittance Variations with AGC 
(OtoSOdB) 


Reverse Transfer Admittance (Magnitude) 


Forward Transfer Admittance 
Magnitude 
Angle (OdB AGC) 

Angle (-30 dB AGC) 


Single-Ended Input Capacitance 


Differential Output Capacitance 


FIGURE 2 - TYPICAL GAIN REDUCTION 

(Figures 5 and 6) 


+25®C unless otherwise noted) 


Frequency 


10.7 MH* 45 MHi 




FIGURE 3 - NOISE FIGURE 

(Figures) 


■■ 

■■ 

■■ 

IB 

Bi 

■I 



IIB 

MHI 




Ksa 






EBiSli 


GAIN REDUCTION (dB 





















































































































MC1350 


GENERAL OPERATING INFORMATION 

The input amplifiers (Q1 qnd 02) operate at constant emitter 
currents so that input impedance remains independent of AGO 
action. Input signals may be applied single-ended or differentially 
(for ac) with identical results. Terminals 4 and 6 may be driven 
from a transformer, but a dc path from either terminal to ground 
is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of 04 and 05 causing these transistors to conduct more 
heavily thereby shunting signal current from the interstage ampli¬ 
fiers 03 and 06. The output amplifiers are supplied from an active 
current source to maintain constant quiescent bias thereby holding 
output admittance nearly constant. Collector voltage for the out¬ 
put amplifier must be supplied through a center-tapped tuning 
coil to Pins 1 and 8. The 12-volt supply (V"*") at Pin 2 may be used 
for this' purpose, but output admittance remains more nearly con¬ 
stant if a separate 15-volt supply (V'*"*') is used, because the base 
voltage on the output amplifier varies with AGC bias. 


FIGURE 5 - POWER GAIN, AGC and NOISE FIGURE TEST CIRCUIT 
(45 MHz and 58 MHz) 



All power-supply chokes (Lp). are self-resonate at 

input frequency. Lp S 20 kn 

See Figure 10 for frequency response curve, 

Li @.45 MHz = 7 1/4 Turns on a 1/4" coil form. 

@ 58 MHz = 6 Turns on a 1/4" coil form 
T 1 Primary Winding = 18 Turns on a 1/4" coil form, center-tapped 
Secondary Winding = 2 Turns centered over Primary Winding @ 45 MHz 
= 1 Turn @58 MHz 
Slug = Arnold TH Material 1/2" Long 



45 MHz 

58 MHz 

M 

0.4 pH 

Q a 100 

0.3 pH 

Q S100 

Tl 

1.3-3.4pH 

Q a100@2pH 

1.2-3.8 pH 

Q 6lOO@2pH 

Cl 

50- 160pF 

8 - 60 pF 

C2 

8 - 60 pF 

3 - 35 pF 


FIGURE 4 - CIRCUIT SCHEMATIC 



FIGURE 6 - POWER GAIN and AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 



Notel. Primary; 120 izH (center-tappecf) 

Ou= 140 at 455 kHz 
Primary: Secondary turns ration 13 
Note 2. Primary: 6.0/xH 

Primary virinding = 24 turns j((36 AWG (close-wound on 
1/4" dia. form) 

Core = Arnold Type TH or equiv. 

Secondary winding = 1-1/2 turns #36 AWG, 1/4" dia. 

(wound over center-tap) 


Component 

Frequency 

455 kHz 

10.7 MHz 

Cl 

- 

80-450 pF 

. C2 

- 

5.0-80 pF 

C3 

0;05/tF 

0.001 pF 

C4 

0.05mF 

0.05 liF 

C5 

0.001 mF 

,36 pF 

C6 

0.05 mF 

0.05 pF 

C7 

0.05 pF 

0.05 mF 

LI 

-■ 

4.6 mH ' 

Tl 

Note 1 

Note 2 
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MC1350 

TYPICAL CHARACTERISTICS 

(V^= 12V,Ta = +25°C) 


FIGURE 7 - SINGLE-ENDED INPUT ADMITTANCE 



10 20 30 40 50 70 100 

FREQUENCY (MH2) 


FIGURE 8 - FORWARD TRANSFER ADMITTANCE 



FIGURE 9 - DIFFERENTIAL OUTPUT ADMITTANCE 



FIGURE 10 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 
























y 



















Scale: 1 MHz/cm 


FIGURE 11 - DIFFERENTIAL OUTPUT VOLTAGE 



0 10 20 30 40 50 60 70 80 


GAIN REDUCTION (dB) 


For additional inforriiation tee "A High-Performance Monolithic 
IF Amplifier Incorporating Electronic Gain Control", by W. R. 
Davit and J. E. Solomon, IEEE Journal on Solid State Circuitt, 
December 1968. 


7-75 


2.y2l (DEGREES) 

















MC1351 


WIDE BAND FM-AMPLIFIER; LIMITER, DETECTOR, 
AND AUDIO AMPLIFIER 

. . . designed for IF limiting, detection, audio preamplifier and driver 
for the sound portion of a TV receiver. 

• Excellent Limiting with 80 /iV(rms) Input Signal typ 

• Large Output-Voltage Swing — to 3.5 V(rms) typ 

• High IF Voltage Gain — 65 dB typ 

• Zener Power-Supply Regulation Built-In 

• Short-Circuit Protection 

• A Coincidence Discriminator that Requires Only One RLC Phase 
Shift Network 

• Preamplifier to Drive a Single External-Transistor Class-A Audio- 
Output Stage 


TV SOUND CIRCUIT 
MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 646- 


PQ SUFFIX 

PLASTIC PACKAGE 
CASE 647 
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IVIC1351 


MAXIMUM RATINGS (Ta = +25° unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+16 

Vdc 

Input Voltage 

Vin 

0.7 

V(rms) 

Power Dissipation (Package Limitation) 

Plastic Packages 

pd 

625 

mW 

Derate above +25®C 

1/6JA 

5.0 

mW/®C 

Operating Temperature Range 

Ta 

0 to +75 

°C 

Storage Temperature Range 

Tstg 

-65 to+150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, Ta = +25°C, f = 4.5 MHz, Deviation = ±25 kHz unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Input Voltage (-3.0 dB Limiting) 

- 

80 

160 

MV(rms) 

AM Rejection (Vjp = 20 mV(rms), AM = 30%) (See Note 1) 




dB 

AMR - 90 Ion i ^ ^ ^ ^Hz, Deviation = ±25 kHz, Ql = 24 

.os ] f = 5 5 i^Hz, Deviation = ±50 kHz, Ql = 30 

- 

45 

- 


- 

45 

- 


Total Harmonic Distortion (Ql = 24) (See Note 1) 

. 

1.0 

- 

% 

(7.5 kHz Deviation) 





Maximum Undistorted Audio Output Voltage (Pin 10) (See Note 1) 

- 

3.5 

- 

V(rms) 

(Audio Gain Adjusted Externally) (Q = 24) 





Recovered Audio (Pin 2) (See Note 1) 




V(rms) 

(f = 4.5 MHz, Deviation = ±25 kHz, Qu ” 24) 

0.35 

0.50 

- 


(f = 5.5 MHz, Deviation = ±50 kHz, Ql = 30) 

- 

0.80 

- 


Audio Preamplifier Open Loop Gain 

- 

25 

- 

dB 

IF Voltage Gain 

- 

65 

- 

dB 

Parallel Input Resistance 

- 

9.0 

- 

kn 

Parallel Input Capacitance 

- 

6.0 

- 

pF 

Nominal Zener Voltage (I 2 = 5.0 mAdc) 

- 

11.6 

- 

Vdc 

Power Supply Current (I 2 = 5.0 mAdc) 

- 

31 

- 

mAdc 

Power Dissipation (I 2 = 5.0 mAdc) 


300 

'375 

- mW 


Note 1: Qi_ is loaded circuit Q. 


FIGURE 1 - TEST CIRCUIT (Vcc = +12 Vdc, Ta = +25°C) 
















































































MCI 351 


TYPICAL CHARACTERISTICS 


FIGURE 2 - DETECTED AUDIO OUTPUT versus INPUT 
LEVEL @ f <°4.5 MHz, ±25 kHz DEVIATION 


FIGURE 3 - DETECTED AUDIO OUTPUT versus INPUT 
LEVE L @ f = 5.5 MHz, ±50 kHz DEVIATION 



10 100 1.0 k 10 k 

INPUT VOLTAGE (KV(rmsl) 



10 100 1.0k 10k 


INPUT VOLTAGE tuV(rms)) 


FIGURE 4 - DETECTOR "S" CURVE @ f = 4.5 MHz, 
BW 200 kHz, Q = 24 



FIGURE 5 - DETECTOR “S" CURVE @ f = 5.5 MHz, 
BW = 220 kHz, Q = 30 



FIGURE 6 - IF VOLTAGE GAIN versus FREQUENCY 



1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 

FREQUENCY (MHz) 



lOd 1.0k 10k lOOic 

INPUT VOLTAGE (^Vlrmsl) 
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MCI 351 


FIGURE 8 - 4.5 MHz TYPICAL APPLICATION 



CONTROL 
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MG1352 


TVVIDEO IF AMPLIFIER WITH AGC 
AND KEYEB CIRCUIT 

... a monolithic IF amplifier with a complete gated wide-range AGC 
system for use as the 1st and 2nd IF stages and AGC keyer and 
amplifier in color or monochrome TV receivers. 

• Power Gain at 45 MHz, 52 dB typ 

• Extremely Low Reverse-Transfer Admittance — « 1.0 fimho typ 

• Nearly Constant Input and Output Admittance Over AGC Range 

• Single-Polarity Power-Supply Operation 

• High-Gain Gated AGC System for Either Positive or Negative- 

Going Video Signals 

• Control Signal Available for Delayed AGC of Tuner 


TV VIDEO IF AMPLIFIER WITH 
AGC AND KEYER CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL VIDEO IF AMPLIFIER APPLICATION 



All windings #30 AWG tinned nylon acetate f H 
wire tuned with Arnold Type TH slugs. 1_1 


I I I I I 

5 6 

TURNS TURNS 


I_a 

’ t 


i |__f Wound with #26 AWG tinned nylon 

prv~*~> — acetate wire tuned by distorting 

2^' i j [_3^’ winding. 
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MAXIMUM RATINGS (Voltages referenced to pin 4, ground: T/^ = +25°C unless otherwise noted) 


Rating 


Power Supply (Pin 11) 


Output Supply (Pins 7 and 8) 


Signal Input Voltage (Pin 1 or 2, other pin ac grounded) 


AGC Input Voltage (Pin 6 or 10, other pin ac grounded 


Gating Voltage, Pin 5 


Power Dissipation 
Derate above Ta = +25°C 


Operating Temperature Range 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (V^c = +12 Vdc, Voltages referenced to pin 4, ground; T^ = +25°C unless otherwise noted.) 


Characteristic I Min I Typ 


AGC Range | — | 75 


Power Gain 
f = 35 (VIHz or 45 MHz 
f = 58 MHz 


Maximum Differential Output Voltage Swing 
OdBAGC 
-30 dB AGC 


Voltage Range for RF-AGC at Pin 12 
Maximum 
Minimum 


IF Gain Change Over RF-AGC Range 


Output Stage Current (I 7 + Is) 


Total Supply Current (I 7 + Is + 111 ) 


Total Power Dissipation 



DESIGN PARAMETERS, TYPICAL values (Vcc= 12 Vdc,T a =+25°C unlessotherwise noted.) 


Parameters I Symbol I f = 35MHz I f = 45MHz 


Single-Ended Input Admittance 


Input Admittance Variations with AGC (0 to 60 dB) 


Differential Output Admittance 


Output Admittance Variations with AGC (0 to 60 dB) 


Reverse Transfer Admittance 


Forward Transfer Admittance 
Magnitude 
Angle (Q dB AGC) 

Angle (-30 dB AGC) 


Single-Ended Input Capacitance 


Differential Output Capacitance 




iWOTOI70LA Semiconductor Products Inc 


.(g) 
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MC13S2 
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IF AMPLIFIER 


__ ^ _ 


Keying Section 


IF Output Section 


FIGURE 2- CIRCUIT SCHEMATIC 


KEYER AND AGC AMPLIFIER 


RF-AGC Amplifier and 
Delay SKtion 


Bias Section 


AGC Controlled Section 
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MC1352 



FIGURE 3 - POWER GAIN, AGC AND NOISE TEST CIRCUIT 



Vq, is maintained across the external capacitor, C2, for a particular 
video level and dc reference setting. The voltage V^, is the result 
of the charge delivered through 01 and the charge drained by Q1. 
The charge delivered occurs during the time of the gating pulse, 
and its magnitude is determined by the amplitude of the video 
signal relative to the dc reference level. The voltage Vq is delivered 
via the IF-AGC amplifier and applied to the variable gain stage of 
the IF signal amplifier and is also applied to the RF-AGC amplifier, 
where it is compared to the fixed RF-AGC delay voltage reference 
by the differential amplifier, 02 and Q3. The following stages 
amplify the output signal of Q2 and shift the dc levels causing the 
RF-AGC voltage to vary. 

The input amplifiers (04 and 05) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac). Terminals 1 and 2 may be driven from a transforrner, but 
a dc path from either' terminal to ground is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of 06 and 07 causing those transistors to conduct more heavily 
thereby shunting signal current from the interstage amplifiers 08 
and 09. The output amplifiers are fed from an active current 
source to maintain constant quiescent bias thereby holding output 
admittance nearly constant. 


35»nJ4SMHi 

1.1 0.4»H I a>iaii 

Tl 1.3.3 4>H 

Cl_ 48-100 aF _ 

C2 _8-60 of_ 


_ 58MH1 _ 

0.3 oH I Q.-IOO 
1.3-3.8oH Io»l00^3, 

40-80 of _ 

13.45 of_ 


LJ ® 35 Of 45 MHi ■ 71/4 Torn* on a 1/4” coil form 
(5>58MH?* STuffisona l/4''coiifOfm 
Tl Primarv Winding < 18 Turns on a 1/4" coil form 
Secondarv Winding * 2 Turns Wound Eyenly ovar Prin 
Winding lor 35 or 45 MHs and 
Turn for 58 MHa 

Slug ' Arnold TH Malarial 1/2" long 


GENERAL OPERATING INFORMATION 

The MCI352 consists of an AGC section and an IF signal 
amplifier (Figure 2) subdivided into different functions as indi¬ 
cated by the illustration. 

A gating pulse, a reference level, and a composite video signal 
are required for proper operation of the AGC section. Either 
positive or negative-going video may be used; necessary connections 
and signal levels are shown in Figure 1. The essential difference is 
that the video,is fed into Pin 10 and the AGC reference level is 
applied to Pin 6 for a video signal with positive-going sync while 
the input connections are reversed for negativegoing sync. 

The action of the gating section is such that the proper voltage. 


1. The 12-\/ supply must have a low ac impedance to prevent low- 
frequency instability in the RF-AGC loop. This can be achieved 
by a 12-V zener diode and a large decoupling capacitor. (5pF). 

2. Choices of Cl, C2 and C3 depend somewhat on the set designers' 
preference concerning AGC stability versus AGC recovery speed. 
Typical values are Cl = 0.1 pF, C2 = 0.25 pF, C3 = 10 pF. 

3- To set a fixed IF-AGC operating point (e.g., for receiver align¬ 
ment) connect a 22 kfl resistor from pin 9 to pin 11 to give mini¬ 
mum gain, then bias pin 14 to give the correct operating point 
using a 200 kU variable resistor to ground. 


4. Although the unit will normally be operating with a very high 
power gain, the pin configuration has been carefully chosen so 
that shielding between input and output terminals will not 
normally be necessary even when a standard ^ket is used. 


FIGURE 5 - TYPICAL AGC APPLICATION CHART 



FIGURE 4 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 




Adj. 1.0-4.0 Vdc 


Positive- 

Adj. 1.0-8.0 Vdc 

Going 


Sync. 

lilom 4.5 V 



Scale: 1 MHz/cm 


MOTOROLA Semiconductor Rroducts Inc, 


7-83 








































ORDERING INFORMATION 


Device Temperature Range 


MC1355P 

MC1355PQ 


O^C to +75°C 
0”C to 


Package 


Plastic DIP 
Plastic 


MC1355 


BALANCED FOUR-STAGE 
HIGH-GAIN FM/IF AMPLIFIER 


... designed for use with Foster-Seeley discriminator or ratio detector 
in high quality FM systems. 


High AM Rejection (60 dB typ) 

Wide Range of Supply Voltages (8 to 18 Vdc) 
Low Distortion (0.5% typ) 


LIMITING FM 
IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - DUAL MC1355 FM IF APPLICATION 




+15 Vt 

1 

33 



Ml 33 33 



NON-DE-EMPHASIS 


* AM Other pins grounded 

T-Ratio Detector (input impedance = 1.5 k) G.1. #36231 or equivalent 

















MCI 355 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Output Voltage (pins 7 & 8 )- 

40 

Vdc 

Supply Current to pin 11 

20 

mA 

Input Signal Volt^ (single-ended) 

5.0 

Vp-p 

Input Signal Voltage (differential) 

10 

Vp-p 

Power Dissipation (package limitation) 

625 

mW 

Derate above Ta = +25®C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +75 

°C 

Storage Temperature Range 

-65 to+150 

°C 


ELECTRICAL CHARACTERISTICS IVcc = 15 Vdc, f = 10.7 MHz, Ta = +25°C) 


Characteristic 

Min 

Typ 

Max 

Units 

Power Supply Voltage Range 

8.0 

15 

18 

Vdc 

Total Circuit Current 

- 

16 

- ■ 

mAdc 

Total Output Stage Current 

- 

4.2 

- 

mA 

Device Dissipation 

- 

125 

- 

mW • 

Internal Zener Voltage 

- 

5.2 

- 

Vdc 

Input Signal for 3 dB Limiting 

- 

175 

250 

(iV(rms) 

Output Current Swing 

3.5 

4.2 

5.0 

mA p-p 

AM Rejection (10 mv to 1.0 V (rms) 

input, FM @> 100%, AM @ 80%, Foster Seeley detector) 

- 

60 

- 

dB 

Admittance Parameters ^11 


120 + j320 


pmhos 

Yi2 


jO .6 


Mmho 

Y 21 


8 + 15.9 


mhos 

Y 22 


15 + 1230 


Mmhos 


FIGURE 2 - CIRCUIT SCHEMATIC 
































































IVIC1355 


TYPICAL CHARACTERISTICS 



R2 50 ohms C2 0.01 (jF 

R3 lOO ohms T1 10.7 MHz Foster-Seeley Discriminator, 

R4 Bkilohms Primary Impedance = 3.9 k, 

R5 I2kilohms Peak-to-Peak Separation = 600 kHz 


(1N542 orequiu) 


Specifications are given for a Foster-Seeley discriminator. Im¬ 
proved AM rejection at low signal levels can be obtained with a 
ratio detector. 

For optimum circuit stability it is important to ground pins 2, 
3, 4,6, 9, 12, and 13. 


FIGURE 4 - AM REJECTION TEST BLOCK DIAGRAM 



V DIODE BIAS 



0.01 0.1 1.0 10 100 1000 
SIGNAL INPUT VOLTAGE (mVjrmsl) 


FIGURE 6 - AM REJECTION 
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OUTPUT DISTORTION (%) 


MC1355 


TYPICAL CHARACTERISTICS (continued) 



0.01 0.1 1.0 10 100 1000 



0.01 0.1 1.0 10 100 1000 


SIGNAL INPUT VOLTAGE (mV(rms)) 


SIGNAL INPUT VOLTAGE (mV(rmsl) 



8.0 10 12 14 16 18 

SUPPLY VOLTAGE (VOLTS) 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1356P -25°C to +85‘’C Plastic DIP 


MC1356P 


FM DETECTOR AND LIMITER 


... includes a limiting amplifier, a quadrature discriminator, and a 
voltage regulator; and is designed primarily for FM receiver appli¬ 
cations. It is similar to the MC1357 and includes built-in regulation 
capable of supplying 20 mA to external circuitry. 


Features; 

• Good Line and Load Regulation 

• Low Harmonic Distortion 

• Single Tuning Coil Design 

• Direct Replacement for ULN2136 


FM DETECTOR 
AND LIMITER 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




Ampl. Out 
High 


Ampl. Out 
Low 


FIGURE 1 - TYPICAL AUTOMOTIVE APPLICATIONS CIRCUIT 





10 


LI * Coil Craft Q-1031 (14 /iH) 

Typical Performance 
1 mV rms Input 
5 Watts Output 


Regulated Voltage 4,7 

(8 V, 20 mA max) 1 -)1-^:—WA<— 

10 mf 


J ^68 pF 
^470 pF 


,/ 2.0 k 

--Wv— 

o.obi UF 


14.4 Vdc 
p^lOOOpF 
_[_16Vcic 

MJE2050 
' or equivalent 


0.24 < 1000 mF/ 16 Vdc 



















IVIC1356P 


MAXIMUM RATINGS 


Rating 

Value 

Unit 

Supply Voltage 

+16 

Vdc 

Power Dissipation @ Ta “ +25®C (Package Limitation) 

1.0 

W 

Derate above 25°C 

7.7 

mW/°C 

Operating Temperature Range 

-25 to +85 

°C 

Storage Temperature Range 

-65 to +150 

°C 

Regulator Load (Pin 13) 

20 

mA 


ELECTRICAL CHARACTERISTICS C^CC “ ^2 Vdc, T/^ = 25°C unless otherwise noted.) 


Characteristic 

Pin 

Min 

Typ 

Max 

msm 

Recommended Operating Voltage 

3 

10 

- 

16 

WBsm 

Drain Current 

3 

14 

16 


mA 

Amplifier Input Reference Voltage 

6 

1.3 

1.4 

1.5 

Vdc 

Detector Input Reference Voltage 

2 - 

3.3 

3.5 

mnm 

Vdc 

Detwtor Output Voltage 

1 

3.0 

3.8 

mm 

Vdc 

Amplifier Input Resistance i 

4 

- 

15 

- 

kn 

Amplifier Input Capacitance 

4 

- 

7.0 

- 

PF 

Amplfier Output Resistance 

10 

-- ■ 

90 

- 

Ohms 

De-Emphasis Resistance 

mm 

7.0 

8.8 

■09 

kn 

Temperature Sensitivity of Power Supply 

13 

- 

+0.2 

- 

mV/°C 

Temperature Sensitivity of Output Voltage 

1 

- 

+0.3 

- 

mV/°C 

Regulation Voltage 

13 

7.9 

8.1 

8.3 

Vdc 


DYNAMIC CHARACTERISTICS 


(FM Modulation Frequency = 1.0 kHz, T/^ = 25°C) 
(Vcc = 12 Vdc, fo = 10.7 MHz, f = ±75 kHz) 
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70 

















































































IVIC1356P 


FIGURE 3 - AM REJECTION 


FIGURE 4 - SIGNAL-TO-NOISE RATIO 
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INPUT SIGNAL VOLTAGE (mVrms) 


FIGURE 5 - RECOVERED AUDIO OUTPUT 
versus SIGNAL INPUT VOLTAGE 


FIGURE 6 - REGULATED VOLTAGE 
versus SUPPLY VOLTAGE 
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INPUT SIGNAL VOLTAGE (mVrms) 


SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 - DETECTOR TRANSFER CHARACTERISTIC 



10.45 10.5 10.55 10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 

FREQUENCY (MHz) 




















FIGURE 8 - TYPICAL FM RADIO RECEIVER BLOCK DIAGRAM USING MC13S6P 


MC1356P 



FIGURE 9 - MC1358P TEST CIRCUIT SCHEMATIC 
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MC1357 


IF AMPLIFIER 
AND QUADRATURE 
DETECTOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


tv SOUND IF OR FM IF AMPLIFIER 
WITH OUADRATURE DETECTOR 


A Direct Replacement for the ULN2111A 


Greatly Simplified FM Demodulator Alignment 


Excellent Performance at Vcc = 8.0 Vdc 


















MC1357 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Vaiue 

Unit 

Power Supply Voltage 

16 

Vdc 

Input Voltage (Pin 4) 

3.5 

Vp 

Power Dissipation (Package Limitation) 

625 

mW 

Plastic Packages 


mW/®C 

Derate above Ta = +25°C 

5.0 

Operating Temperature Range (Ambient) 

0 to +75 

°C 

Storage Temperature Range 

-65 to+150 

OC 


ELECTRICAL CHARACTERISTICS (Vcc “ 12 Vdc, Ta = +25°C unless otherwise noted.) 


_ Characteristic _ 

Drain Current 

Amplifier Input Reference Voltage 
Detector Input Reference Voltage 
Amplifier High Level Output Voltage 
Amplifier Low Level Output Voltage 
Detector Output Voltage 

Amplifier Input Resistance _ 

Amplifier Input Capacitance _ 

Detector Input Resistance _ 

Detector I nput Capacitance _ 

Amplifier Output Resistance _ 

Detector Output Resistance _ 

De-Emphasis Resistance 



DYNAMIC CHARACTERISTICS (FM Modulation'Freq. = 1.0 kHz, Source Resistance = 50 ohms, Ta = +25°C for 
(Vcc = 12 Vdc, fo = 4.5 MHz, Af = ±25 kHz, Peak Separation = 150 kHz) 


all tests.) 


Characteristics 


Amplifier Voltage Gain (Vir,^ 50 uVIrmsl I 


AM Rejection* (Vjn = 10 mVjrms]) 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (V 


Output Distortion (Vjn = 10 mV[rms)) 


(Vcc = 12 Vdc, fp = 5.5 MHz, Af = ±50 kHz, Peak Serration = 260 kHz) 


Amplifier Voltage Gain (Vin& SOjiVIrms]) 


AM Rejection* (V 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (V 


Output Distortion (Vjn = 10 mVjrms]) 


(Vcc “ 8.0 Vdc, fp = 10.7 MHz, Af = ±75 kHz, Peak Separation = 550 kHz) 


Amplifier Voltage Gain (Vin SBOuVfrms 


AM Rejection* (Vin = 10 mVfrmsI) _ 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (V 


Output Distortion (Vjn = 10 mVjrmsl)_ 


(Vcc= 12 Vdc, fp = 10.7 MHz, Af = ±75 kHz, Peak Separation = 550 kHz) 


Amplifier Voltage Gain (Vin iS 50 uVfrms]) 


AM Rejection* (Vin = 10 mVfrms] ) 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (V 


Output Distortion (Vjn = 10 mVjrms]) 
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DETECTED AUDIO OUTPUT AM REJECTION (dB) 

VOLTAGE (V[rmsl) 


MC1357 


TYPICAL CHARACTERISTICS 

(Vcc = 12 V, Ta = +25°C unless otherwise noted) 

(fo = 4.5 MHz) ' (Use Test Circuit of Figure 13) (fo = 5.5 MHz) 


FIGURE 2 - AM REJECTION 


FIGURE 3 - AM REJECTION 



o!a5 0.1 0,2 0.5 1.0 2.0 5.0 10 20 50 



INPUT VOLTAGE (mVIrmsI) 


INPUT VOLTAGE'lmV [rms]) 



0.04 0.1 0.4 1.0 4.0 10 40 

INPUT VOLTAGE (mVlrmslI 


FIGURE 6 - DETECTOR TRANSFER CHARACTERISTIC 




0.02 0.1 0,2 1.0 2.0 10 20 


INPUT VOLTAGE (mVlrmsl) 


FIGURE 7 - DETECTOR TRANSFER CHARACTERISTIC 























































OUTPUT VOLTAGE (VOLTS) VOLTAGE NORMALIZED TO+25<>C AM REJECTION (dB) 


MCI 357 


TYPICAL CHARACTERISTICS (continued) 

(fo = 10.7 MHz, Ta = +25°C unless otherwise noted. 
(Use Test Circuit of Figure 13) 



0.5 1.0 2.0 


5.0 10 20 50 

INPUT VOLTAGE (mV[rms|) 


100 200 500 


FIGURE 9 - AFC VOLTAGE DRIFT 
(I.OmV INPUT CARRIER @ 10.7 MHz) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 l0 20 

INPUT SIGNAL VOLTAGE (mVirmsl) 




-30 -10 +10 +30 +50 +70 +90 +110 +130 +150 +170 

AMBIENT TEMPERATURE (OC) 


0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

INPUT SIGNAL VOLTAGE (mV) 


FIGURE 12 - detector TRANSFER CHARACTERISTIC 


FIGURE 13 - TEST CIRCUIT 



10.45 10.5 10.55 10.6 10.65 10.7 10.75 10.8 10.85' 10.9 10.95 

FREQUENCY (MHz) 
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MC1357 


FIGURE 14 - FM RADIO TYPICAL APPLICATION CIRCUIT 



Note 1: 

Information shown in Figures 15, 16, and 17 was obtained 
using the circuit of Figure 14. 

Note 2: 

Optional input to the quadrature coil may be from either 
pin 9 or pin 10 in the applications shown. Pin 9 has commonly 
been used on this type of part to avoid overload with various 
tuning techniques. For this reason, pin 9 is used in tests on the 
preceding pages (except as noted). However, a significant im¬ 
provement of limiting sensitivity can be obtained using pin 10, 
see Figure 17, and no overload problems have been incurred 
with this tuned circuit configuration. 



10 30 100 300 1000 


INPUT SIGNAL VOLTAGE (AiV[rnns]) 


FIGURE 16 - SIGNAL-TO-NOISE RATIO 




INPUT SIGNAL VO LTAGE (mV [rms]) 
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MC1357 

FIGURE 18 - CIRCUIT SCHEMATIC 








MC1358 


TV SOUND IF AMPLIFIER 


... a versatile monolithic device incorporating IF limiting, detection, 
electronic attenuation, audio amplifier, and audio driver capabilities. 


• Direct Replacement for the CA3065 

• Differential Peak Detector Requiring a Single Tuned Circuit 

• Electronic Attenuator Replaces Conventional ac Volume 

Control - Range >60 dB 

• Excellent AM Rejection @ 4.5 and 5.5 MHz 

• High Stability 

• Low Harmonic Distortion 

• Audio Drive Capability — 6.0 mAp-p 

• Minimum Undesirable Output Signal @ Maximum Attenuation 


IF AMPLIFIER, LIMITER, 

FM DETECTOR, AUDIO DRIVER, 
ELECTRONIC ATTENUATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL TV APPLICATION CIRCUIT 


NC 

>s on 06 


i V 4 50 

I -*-0.05(16 V DC v+-n, , 


SOUND 

TRANSFORMER 2 


T\ 0.01 (iF 

lo.05((F DE-EMPHASIS 


'Ll = I6(/H NOMINAL, 
Q(UNLOADED)>50 


) 4< 

» 9< 

\ 10 < 
tr 

1 13^ 



88 pF 

] 



IV 

12 pF? 

25 ki 


Cl {|nd L2 component values are to be 
selected at the discretion of the designer. 













MC1358 


MAXIMUM RATINGS = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Input Signal Voltage (Pins 1 and 2) 

±3.0 

Vdc 

Power Supply Current 

50 

mA 

Power Dissipation (Package Limitation) 



Plastic Packages 

625 

mW 

Derate above T^ = +25°C 

5.0 

mw/°e 

Operating Temperature Range (Ambient) 

-20 to +75 

°C 

Storage Temperature Range 

-65 to +15Q 



ELECTRICAL CHARACTERISTICS (V^c = 24 Vdc, T/^ = +25°C unless otherwise noted). 


Characteristic 

Pin 

Min 

Typ 

Max 

Unit 

Regulated Voltage 

5 

10.3 

11 

12.2 

Vdc 

DC Supply Current (V*" = 9 Vdc, Rs = 0) 

5 

10 

16 

24 

mA 

Quiescent Output Voltage 

12 

- 

5.1 

- 

Vdc 


DYNAMIC CHARACTERISTICS (Vcc = 24 Vdc, =+25°C unless otherwise noted). 

Characteristic [ Min | Typ [ Max | Unit [ 


IF AMPLIFIER AND DETECTOR 
fo = 4.5MHz, Af =jb25kHz 


AM Rejection* (Vjn = 10 mV (rms]) 

40 

51 

- 

dB 

Input Limiting Threshold Voltage 

- 

200 

400 

pVIrms) 

Recovered Audio Output Voltage (Vjn = 10 mVtrms]) 

0.5 

0.70 

- , 

V(rms) 

Output Distortion (Vin = 10 mV [rms]) 

- 

0.4 

2.0 

% 


fo°5.5IVIHz, Af°±50kHz 


AM Rejection* (Vjn = 10 mV [rms]) 

40 

53 

-■ 

dB 

Input Limiting Threshold Voltage 

- 

200 

400 

pV(rms) 

Recovered Audio Output .Voltage (Vjn = 10 mV [rms]) 

0.5 

0.91 


V(rms) 

Output Distortion (Vjn = 10 mV [rms]) 

- 

0.9 

■ - 

% 

Input Impedance Components (f = 4.5 MHz, measurement between pins 1 and 2) 





Parallel Input Resistance 

- 

17 

- - 

kn 

Parallel Input Capacitance 

- 

4.0 

- 

PF 

Output 1 mpedance Components (f = 4.5 MHz, measurement between pin 9 and GND) 

mmnii 




Parallel Output Resistance 


3.25 

- 

kn 

Pataliel Output Capacitance 


3.6 

- 

pF 

Output Resistance, Detector 

Pin 7 


7.5 


kn 

Pin 8 

- 

250 

- 

n 


ATTENUATOR 


Volume Reduction Range (See Figure 8) 

(dc Volume Control = op) 

60 

- 


dB 

Maximum Undesirable Signal (See Note 1) 

(dc Volume Control = 00 ) 

- 

0.07 

1.0 

mV 


AUDIO AMPLIFIER 


Voltage Gain 

(Vjn = 0.1 V(rms), f = 400 Hz) 

17.5 ■ 

20 

- 

dB 

Total Harmonic Distortion 

- 

2.0 

- 

% 

(Vo = 2.0 V(rms), f = 400 Hz) 





Output Voltage 

2.0 

3.0 

■ - 

V(rms) 

(THD = 5%, f = 400Hz) 





Input Resistance (f = 400 Hz) 

- 

70 


kn 

Output Resistance (f = 400 Hz) 

- 

270 

_ ■ 

n 


*100% FM, 30% AM Modulation. 

Note 1. Undesirable signal is measured at pin 8 when volume control is set for minimum output. 
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TOTAL HARMONIC DISTORTION (%) AUDIO OUTPUT (mV) _ AM REJECTION (dB) 


MC1358 


TYPICAL CHARACTERISTICS 

(Vcc = 24 Vdc, T/\ = +25°C unless otherwise noted) 


(fo = 4.5 MHz) 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

INPUT VOLTAGE (mVlrmsl) 


(fo = 5.5 MHz) 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

INPUT VOLTAGE (mV(rms)) 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

INPUT VOLTAGE (mVlrmsl) 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 


INPUT VOLTAGE (mVlrmsl) 


FIGURE 6 - IF AMPLIFIER AND DETECTOR THD 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 


INPUT VOLTAGE (mVlrmsl) 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 


INPUT VOLTAGE (mVlrmsl) 
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VOLTAGE GAIN (dB) ATTENUATION (dB) 


MC1358 


TYPICAL CHARACTERISTICS (continued) 



1.0 2.0 5.0 10 20 SO 100 200 500 1000 

OC VOLUME CONTROL Ik OHMS) 



0.05 0.1 0.2 0.5 1.0 2.0 3.0 5.0 


0 UTPUT V 0 LTAG E (VO LTS [rms]) 


FIGURE 10-IF FREQUENCY RESPONSE FIGURE 11 - IF FREQUENCY RESPONSE TEST CIRCUIT 



FREQUENCY (MHz) 


FIGURE 12 - AM REJECTION, DETECTED AUDIO. 
THD, ATTENUATION TEST CIRCUIT 


FIGURE 13-AUDIO VOLTAGE GAIN, 
AUDIO THD TEST CIRCUIT 
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MCI 358 


FIGURE 14-CIRCUIT SCHEMATIC 



AUDIO AMPLtFIER 


B 
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Device 


Mei364P 


Temperature Range 


0*C to +75^C 


Package 


Plastic DIP 


MC1364 


TV AUTOMATIC 
FREQUENCY CONTROL 


AUTOMATIC 
FREQUENCY CONTROL 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• High Gain Amplifier - 18 mV Input for Full Output 

• Direct Replacement for the CA3064 

• Also Available in the 14-Lead Dual In-Line Package 



FIGURE 1 - TYPICAL APPLICATION CIRCUIT 


FROM 3rd VIDEO IF 
AMPLIFIER 

45.75 MHz _ 1 / 



See page 3 of this specification for 
Coil Oata (LI, L2, L3). 


I 


Circuit diagrams Utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes .is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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OUTPUT VOLTAGE (VOLTS) 


MC1364 




MAXIMUM RATINGS unless otherwise noted.) 

Rating 

MC1364P 

Input Signal Voltage (Pin 12 to 14) 

+2.0, -10 

Output Collector Voltage (Pins 3 and 14) 

20 

Power Dissipation (Package Limitation) 

625 

Derate above T/;^ = +25°C 

5.0 

Operating Temperature Range 

0 to +75 

Storage Temperature Range 

-65 to +125 



ELECTRICAL CHARACTERISTICS (Vcc = +30 Vdc, = +25°C, see Test Circuit of Figure 4 unless otherwise noted.! 


Characteristic 


Total Device Dissipation 


Total Supply Current 


Current Drain, Total 

(Reduce Vcc so that V10 = 10.5 Vdc) 


Zener Regulating Voltage 


Quiescent Current to Pin 3 


Quiescent Voltage at Pin 5 or Pin 8 


Output Offset Voltage (Pin 5 to Pin 





DESIGN PARAMETERS, TYPICAL VALUES (Vcc = +30 Vdc. Rs = 1.5 k, f = 45.75 MHz) 


Parameter 

Symbol 

Typ 

Input Admittance 

Vll 

0.4+ j1 

Reverse Transfer Admittance 

yi2 

0 + j3.4 

Forward Transfer Admittance 

721 

110 +j140 

Output Admittance (Pin 3) 

V22 

0.02 +j1 



TYPICAL CHARACTERISTICS 

(See Test Circuit of Figure 2) 


FIGURE 2 - TYPICAL NARROW BAND 
DYNAMIC CHARACTERISTICS 


FIGURE 3 - TYPICAL WIDE BAND 
DYNAMIC CHARACTERISTICS 




45.72 45.73 45.74 46.75 45.76 45.77 45.78 46.79 

INPUTFREQUENCY(MHz) 


45.76 

INPUT FREQUENCY (MHz) 


MOTOROLA Semiconctuctor Products Inc. 


15 






































































MC1364 


FIGURE 4 - TEST CIRCUIT 

RS'l.Sk Vcc 



COIL DATA FOR DISCRIMINATOR WINDINGS 
FOR FIGURES 1 AND 4 

LI — Discriminator Primary: 3-1/6 turns; AWG #20 enamel-covered 
wire — close-wound, at bottom of coil form. Inductance of 
LI = 0.165 mH; Qo = 120 at fo = 45.75 MHz. 

Start winding at Terminal #6; finish at Terminal #1. See 
Notes below. 

L2 — Tertiary Windings:'2-1/6 turns; AWG #20 enamel-covered 
wire — close-wound over bottom end of LI. 

Start winding at Terminal #3; finish at Terminal #4. See . 
Notes below. 

L3 — Discriminator Secondary: 3-1/2 turns; AWG #20 enamel- 
covered wire, center-tapped, space wound at bottom of coil 
form. 

Start winding at Terminal #2; finish at Terminal #5, connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; -0.30" Dia. Max. 

2. Tuning Core: 0.250" Dia. x0.37" Length. 

Material: Carbinal J or equivalent. 

3. Coil Form Base: See drawing below. 

4. End of coil nearest terminal board to be designated the 
winding start end. 

5. Mount the coils 3/4" apart, center to center. 



FIGURE 5 - CIRCUIT SCHEMATIC 



MOTOROLA Semiconductor Rroducts Inc. 
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MC1364 
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Device 


MC1375P 


Temperature Range 


-40‘’C to +85‘’C 


Package 


Plastic DIP 


MC1375P 


FM IF AMPLIFIER, LIMITER, FM DETECTOR, 
AND AUDIO PREAMPLIFIER 


... a monolithic device designed for use in solid-state FM receivers. 

• Excellent Sensitivity; Input Limiting Voltage (Knee) = 250juV 

typical 

e Excellent AM Rejection: 55 dB typical at 10.7 MHz 

• Internal Zener Diode Regulation for the IF Amplifier Section 

• Low Harmonic Distortion 

• Differential Peak Detection; Permits Simplified Single-Coil Tuning 

• Audio Preamplifier Voltage Gain: 21 dB typical 

• Minimum Number of External Parts Required 

• Direct Replacement for CA3075 


FIGURE 1 - TYPICAL FM APPLICATION 


FM IF AMPLIFIER, 
LIMITER, FM DETFCTOR 
AND 

AUD40 PREAMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



2 \ 6 «•'>’“F 

■<H MC3310P >—O-n-— 


6.8 k< 430 




*10.7 MHz Filter; Vernitron FM-4 or equivalent 
**L = 6.0 mH nom 
Adjust R for Ql =» 55 


Pins not shown are not connected. 
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MC1375P 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 

Vahia 

Unit 

Power Supply Voltage 

+16 

Vdc 

Power Dissipation (Package Limitation) 



Plastic Package 

625 

mW 

Derate above Ta = +25PC 

5.0 

mW/°C 

Operating Temperature Range 

-40 to +85 

“C 

Storage Temperature Range 

-65 to +150 

_ 



ELECTRICAL CHARACTERISTICS (Vcc = 1 -2 Vdc, = Gnd, Ta = +25°C unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Current Drain 

- 

19, 

29 

mA 

DC Voltage at pin SIVjn = 0) 

- 

5.4 

- 

Vdc 

Amplifier Input Resistance (Vjf, = 20 mV, 10.7 MHz) 

- 

5.0 


kn 

Amplifier Input Capacitance (Vj,, - 20 mV, 10.7 MHz) 

- 

5.0 

- 

pF 

DYNAMIC CHARACTERISTICS (Vcc =+112 Vdc, VgE = G"'*, f^od “ ^ 0 kHz, Ta = +25°C unless otherwise noted.) 


Characteristics | Min [ Typ [ Mex | Unit [ 


IF AMPLIFIER AND DETECTOR (fQ = 10.7 MHz, Af = ±75 kHz) 


' 

AM Rejection* (Vj^ = 10 mV) 


55 

- 

dB 

Input Limiting Threshold Voltage 

- 

250 

600 

mV(RMS) 

. Recovered Audio Output Voltage 

500 

625 

- . 

mV (RMS) 

Output Distortion (Vjn ~ 10 mV(RMS]) 

- , 

0.75 

- 

% 

Signal-to-Noise Ratio (Vj^ = 1.0 mV) 

- 

68 

- 

dB 

AUDIO AMPLIFIER (Audio Test Frequency; f = 1.0 kHz) 

Voltage Gain (Vjn = 100 mV) 

- 

21 

- 

dB 

Total Harmonic Distortion (Vq = 2.0 V[RMS]) 

- 

1.2 

- 

% 

Input Impedance (pin 14) 

- 

100 

- 

kn 


•100% FM, 30% AM Signal 
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TOTAL HARMONIC OISTORTION (%) TOTAL HARMONIC OISTORTION (%) AM REJECTION (dB) 


MC1375P 


TYPICAL CHARACTERISTICS 

(All measurements at Ta = +25°C, Vcc = 1L2 V; see test circuits of Figure 9 and 10.) 

FIGURE 2-AM REJECTION FIGURE 3 - RECOVERED AUDIO OUTPUT 



INPUT SIGNAL VOLTAGE (mV(RMS|) 



FIGURE 4 - IF AMPLIFIER AND DETECTOR THD 



INPUT SIGNAL VOLTAGE (mV (RMS)) 


FIGURE 6 - AUDIO AMPLIFIER THD 



FIGURE 5 - SIGNAL TO NOISE 



FIGURE 7 - current DRAIN versus SUPPLY VOLTAGE 
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MC1375P 




FIGURE 8 - CIRCUIT SCHEMATIC 


REGULATOR 
OR eiAS 


DETECTOR 

EMITTER 

FOLLOWER 


PREAMPL 


FIGURE 10 - AUDIO VOLTAGE GAIN AND 
THD TEST CIRCUIT 


FIGURE 9 - AM REJECTION, THD, RECOVERED 
AUDIO, AND S/N TEST CIRCUIT 
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Advance Information 


5-WATT AUDIO POWER AMPLIFIER 

The MCI384 is a monolithic integrated circuit intended for use as 
a low frequency class B amplifier. It provides 5 watts typical of 
audio power output at 16 volts and 4 ohms, 4 watts typical at 14.4 
volts and 4 ohms, 2 watts typical at 9 volts and 4 ohms, and works 
with a wide range of supply voltages (4 to 20 volts). 


5-WATT AUDIO 
POWER AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• Thermal Shutdown 

• Wide Supply Voltage Range 

(4 to 20 Volts) 

• High Current Capability 

• "Angel" Power Package 



PQ SUFFIX 
PLASTIC PACKAGE 
CASE 722A 


PQM SUFFIX 
PLASTIC PACKAGE 
CASE 722 


MAXIMUM RATINGS 


Rating 


Supply Voltage 


Output Peak Current (Non-Repetitive) 


Output Current (Repetitive) 


Maximum Junction Temperature 



This It advance information and specifications are subject to change without notice. 
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MC1384 


ELECTRICAL CHARACTERISTICS (Vqc = 14.4 Vdc, Rl = 4.0 n.f = 1.0 kHz, T/\ = 25°C unless otherwise noted, 

see Figure 1 test circuit.) 


Characteristic 

Symbol 

Min 

Typ 

Max' 

Unit 

Quiescent Drain Current 

•d 

_ 

12 

20 

mA 

^®in “ 0 ) 






Quiescent Output Voltage 

Vo 

- 

7.4 

- 

V 

(®in ” 0 ) 






Bias Current 

*b 

- 

0.4 

' - 

UtA 

Power Output 

Po 




W 

(10% Distortion) 






Vcc = 16V 


- 

5.0 

- 


Vcc = 14.4 V 


- 

4.0 

- 


Vec = 9.0 V 


- 

2.0 

- 


Sensitivity, input Voltage 





mV 

(Pq = 4.0 watts) 






Rf = 56 


- 

50 

- 


Rf = 22 0 


- 

22 

- - 


Input Resistance 

n 

- 

5.0 

- 

MO 

Frequency Response 

ib 




Hz 

(-^.0 dB) 






C 3 = 820 pF 


- 

40-20,000 

- 


C 3 = 1500 pF 


- 

40-10,000 

- 

-- 

Distortion 

d 

— 

0.4 

- 

% 

(Po = 50 mW to 1.0 W) 






Open-Loop Voltage Gain 

Avol 

- 

80 

- 

dB 

Closed-Loop Voltage Gain 

AvCL 

-■ , 

38 

- 

dB 

Equivalent Input Noise 

en 

- 

2.0 

- 

PV 

(Rs “ 0< Bandpass = 20 Hz to 20 kHz) 






Power Supply Rejection Ratio 

PSRR 

- - 

38 

- 

dB 

(^ripple ”1-0 kHz) 








MOTOROLA Semiconductor Products Inc. 


7-113 



















































ORDERING INFORMATION 


MC1385P 


Temperature Range 


-40°C to +85“C 


Package 


Plastic DIP 


MC1385 


CLASS B AUDIO DRIVER 


The MC1385 Class B Audio Driver is ideal for low voltage single¬ 
supply audio driver applications as found in consumer and indus¬ 
trial electronics. 

Along with excellent audio reproduction, care has been taken to 
design in features significant to the automotive radio such as short 
circuit protection, supply line transient protection (commonly called 
"load dump"). Because of the current limiting shut down circuit, 
the requirement for a large heat sink has been significantly reduced. 


• Internal Power Supply Transient Protection 

• Built-In Programmable Short-Circuit Current Limiting 

• Reduced Heat Sink Requirement 

• Excellent Power-Supply Ripple Rejection — 35 dB Typ 

• Typical Operation from 9.0 Vdc to 16 Vdc 

• Excellent Sensitivity - 4.0 mV (Typ) for 1 W 

• 5-Watt Driving Capability 


CLASS B 
AUDIO DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MC1385 


M AXIMUM RATINGS = +25°C unless otherwise noted.) 


Power Supply Voltage 


Transients of 50 ms or less (1) 


Maximum Sink or Source Current 

Pin 5 or 8 _ 

Power Dissipation (Package Limitation) @ T/^ = 25°C 
Derate Above +25°C 
Operating Ambient Temperature Range 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vqc ■ Vdc, Rl “ 3.2 ohms, f = 1.0 kHz, T/^ = +25°C unless otherwise noted.) 
























































MC1385 


CIRCUIT DESCRIPTION 

The total system is shown in Figure 3. The signal path 
consists of two closed-loop blocks: the preamplifier and 
the output amplifier. This configuration allows improved 
ripple rejection and a faster turn-on time than with a 
single closed-loop system. The two principal fault modes 
of overvoltage and overcurrent are avoided by the "load 
dump" and "short circuit" blocks respectively. The regu¬ 
lator provides the preamplifier with immunity to the noise 
injected on the supply line. 


FIGURE 3 - SYSTEM BLOCK DIAGRAM 



The regulator circuitry is shown in Figure 5. Noise 
voltage on the supply line is attenuated by the RC filter 
network of R1 -i- R2 and Cl. The preamplifier supply line 
noise is further attenuated by the ratio of R3 to the small 
signal impedance of Z1 which is about 40 The noise 
injected at the base of SI is determined by the ratio of 
R14 to the impedance on the base of SI. 

The output impedance of Q5 is small compared to C2 
and the input impedance of SI is large, so the impedance 
at the base of SI is C2 in parallel with R15. 

The preamplifier is a two stage amplifier with localized 
feedback. Device Q2 provides bias for the first gain stage 
Q3 which is directly coupled to the second gain stage Q4. 
The output device Q5 is an emitter follower with feedback 
provided by R11. 

The output amplifier is a differential amplifier driving 
a Darlington, common-emitter stage. 

The short circuit protection, is provided by Q10 and 
Q12 in conjunction with two external resistors. The value 
of the external resistor is set by the choice of desired 
output peak current and Equation 1. 

VBE(on) Q10orQ12 

re = -- 

where Ip = desired output peak current 

VBE(on) = 720 mV at 250C 

Re = value of current limit resistor 

Load dump protection, illustrated in Figure 5, is pro¬ 
vided by three zener diodes, Z2, Z3 and Z4 and Q9. When 


the supply voltage exceeds the combined breakdown volt¬ 
age of the three zener diodes (22 V typically) and the 
turn-on voltage of Q9, the base of Q15 and the collector 
of Q11 are pulled to the saturation voltage of Q9 or less 
than one volt. This completely turns off both external 
discrete devices which places them in a BVqeR condition. 
With R26 across the base-emitter junction of the MJE2050, 
the device will remain off and unharmed as long as the 
transient voltage excursion is below 40 volts. 

PERFORMANCE OF PROTECTION CIRCUITS 

The MCI385 incorporates shut down circuits to pre¬ 
vent destruction of the MC1385 and outputs under 
these conditions. 

As was shown in Figure 5, the supply line transient 
voltage shutdown circuit is a function of zener diodes 
Z2, Z3, Z4. The circuit shuts down the outputs for volt¬ 
ages on Pin 9 of 22.0 Vdc (typically). 

The current limiting is adjustable by means of the re¬ 
sistors in the emitter of the MJE2050 and the collector of 
the MJE2150. Equation 1 may be used to select these 
resistors given the limit of peak output current. Ip, desired. 

The selection of these resistors and consequently the 
short circuit current determines the amount of heat sink¬ 
ing required for the output devices. For example, with 
the resistors selected in the application circuit of Figure 1, 
the Ip is approximately 3.0 A with an average current of 
about 1.1 A. This circuit requires a heat sink of about 
6.0°C/watt on the combined output devices to provide short 
circuit protection at Vjupply of 14.4 Vdc and Ta = 25°C. 
It is suggested that the user measure the heat being de¬ 
veloped in the output devices under his required short 
circuit test to make certain the output device Tjmax of 
150°C is not being exceeded. 


FIGURE 4 - CONVENTIONAL A-LINE FILTERING 


Automotive 

390 mH 

To Radio 

Supply 

IOOOmF/15 

Circuits 





SUPPLY LINE FILTERING (ALTERNATOR WHINE) 

Figure 4 represents the conventional method of filter¬ 
ing the automotive supply line. 

The combination of the choke and 1000 juF capacitor 
attenuated the voltage transients (primarily alternator 
whine) on the A-line to a point where they are inaudible 
at the speaker output. However, the A-line choke repre¬ 
sents a bulky, expensive component at a time when 
reduction of radio size is an important design goal. 

Also due to its placement in series with the output 
devices, the impedance of the choke provides an unde¬ 
sirable voltage drop and therefore a reduction in audio 
power output. 

Figure 6 illustrates a suggested A-line filtering scheme 
for use with the MCI 385. 

Experiments regarding alternator whine indicate that 
the 10 series resistor and the existing 1000 pF A-lirie 
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FIGURE 5 - TOTAL SYSTEM SCHEMATIC 
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MCI 385 


FIGURE 6 - SUGGESTED A-LINE FILTERING WITH MC1385 


FIGURE 8 - POWER OUTPUT versus SUPPLY VOLTAGE 


f= 1.0 kHz 
RL = 3.2 Ohms 



POWER SUPPLY VOLTAGE (VOLTS) 


electrolytic are effective in attenuating alternator whine. 
The diode is included to permit the load dump por¬ 
tion of the I/C to be connected directly to the A- 
line and thus remove the time delay associated with the 
10 J2/1000 pF circuit. The diode is necessary if load 
dump protection is required. 

PERFORMANCE AND APPLICATION INFORMATION 

The following section covers performance character¬ 
istics and application information ori the MCI 385/ 
MJE2050/MJE2150. 

Figure 1 illustrates the typical circuit configuration that 
was used to generate the performance curves and data 
shown in Figures 7 thru 14. Performance measurements 
were made at 14.4 V; however, the test circuit in Fig¬ 
ure 1 will operate satisfactorily over the automotive 
voltage range of 9-16 Vdc. 


FIGURE 9 - POWER OUTPUT versus FREQUENCY @ 10% 
TOTAL HARMONIC DISTORTION 
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FIGURE 7 - TOTAL HARMONIC DISTORTION 
versus POWER OUTPUT 
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FIGURE 10 - TOTAL HARMONIC DISTORTION versus 
FREQUENCY @ 1.0 WATT OUTPUT 


HiHiiiimiiiHiniiiiiiii 
imniiiiii 

._IMHIHIII 

■■ m BiM w mi iiMwiiiiii 

■IIWIimiHIIIMIHIIIII 

mi Bi ii MimiHMwmiiii 

giHIIIMIIWMmM 

■imiiMBmaiiagaaia 

■Ulllll—HWHHBI 

■■llllll■■H^llll■■■mlM 


500 1.0 k 2.0 k 5.0 k 10 k 20 k 

FREQUENCY (Hz) 




















IVIC1385 



FIGURE 14 - POWER SUPPLY REJECTION versus 
POWER SUPPLY RIPPLE FREOUENCY 
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FIGURE 13 - POWER OUTPUT versus LOAD RESISTANCE 
@ 10% TOTAL HARMONIC DISTORTION 



FIGURE 15 - CALCULATING TOTAL SURFACE AREA OF 
FABRICATED HEAT SINK FROM REQUIRED VALUE 
OF THERMAL RESISTANCE 



THERMAL RESISTANCE (OC/W) 
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ORDERING INFORMATION 


Device 


MC1391P 

MC1394P 


Temperature Range 


0°C to +75°C 
0°C to +75°C 


Package 


Plastic DIP 
Plastic DIP 


MC1391P 

MC1394P 


TV HORIZONTAL PROCESSOR 


. . . low-level horizontal sections including phase detector, oscillator 
and pre-driver — a device designed for use in all types of television 


• Internal Shunt Regulator 

• Preset Hold Control Capability 

• ±300 Hz Typical Pull-In 

• Linear Balanced Phase Detector 

• Variable Output Duty Cycle for Driving Tube or Transistor 

• Low Thermal Frequency Drift 

• Small Static Phase Error 

• Adjustable dc Loop Gain 

• MC1391P — Positive Flyback Inputs 

• I\/1C1394P — Negative Flyback Inputs 


TV HORIZONTAL 
PROCESSOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 




MCI394P designed to accept 'dr 

reverse polarity sawtooth at ~ 
Pin 4 If sync pulsEi not derived 
from MJ105 collector. 


• ~ ^ P®’’ 100 V of flyback amplitude. 

-20 V Sync 

This circuit has an oscillator pull-in range of ±300 Hz, a noise bandwidth 
of 320 Hz, and a damping factor of 0.8. 
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MC1391P, MC1394P 


MAXIMUM RATINGS (T/^ == -)-25°C unle» otherwise noted.) 


Rating 

Value 

Unit 

Supply Current 

40 

mAdc 

Output Voltage 

40 

Vdc 

Output Current 

30 

mAdc 

Sync Input Voltage (Pin 3) 

5.0 

^ V{p.p) 

Flyback Input Voltage (Pin 4) 

5.0 

'^(p-p) 

Power Dissipation (Package Limitation) 

Plastic Package 

Derate above =+25®C 

625 

5.0 

mW 

mW/OC 

Operating Temperature Range (Ambient) 

0 to +75 

OC 

Storage Temperature Range 

-65 to +150 

OC 


ELECTRICAL CHARACTERISTICS (T^ “ +25°C unless otherwise noted.) (See Test Circuit of Figure 2, all switches in position 1 .) 


Characteristic 

Min 

Typ 

Max 

Unit 

Regulated Voltage (Pin 6) 

8.0 

8.6 

9.0 

Vdc 

Supply Current (Pin 6) 

- 

20 

- 

mAdc 

Collector-Emitter Saturation Voltage (Output Transistor 

Q1 in Figures) 
dc = 20 mA, Pin 1) Vdc 


0.15 

0.25 

Vdc 

Voltage (Pin ^) 

- 

2.0 

- 

Vdc 

Oscillator Pull-in Range (Adjust Rh in Figure 2) 

- 

±300 

- 

Hz 

Oscillator Hold-in Range (Adjust Rh in Figure 2) 

- 

+900 

- 

Hz 

Static Phase Error 
(Af = 300Hz) 

■ _ 

0.5 


MS 

Free-running Frequency Supply Dependence 
(SI in position 2) 

_ 

±3.0 

_ 

Hz/Vdc 

Phase Detector Leakage (Pin 5) 

(All switches in position 2) 

- 

_ 

±1.0 

mA 

Sync Input Voltage (Pin 3) 

2.0 

- 

5.0 

V(p-p) 

Sawtooth Input Voltage (Pin 4) 

1.0 

- ■ 

3.0 

V(p-p) 
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MC1391P/MC1394P 


TYPICAL CHARACTERISTICS 

(Ta = +25°C unless otherwise noted.) 
FIGURE 2 - TEST CIRCUIT 


1.0 mF 



Vcc +30 V (See F igure 5) 


'Use -60 V for MC1394P 
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FIGURE 4 - FREQUENCY DRIFT versus WARM-UP TIME 
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MC1391P, MC1394P 


FIGURE 6 - CIRCUIT SCHEMATIC 



CIRCUIT OPERATION 


The MC1391P and MC1394P contain the oscillator, phase de¬ 
tector and predriver sections needed for a television horizontal 
APC loop. 

The oscillator is an RC type with one pin (Pin 7) used to con¬ 
trol the timing. The basic operation can be explained easily. If 
it is assumed that Q7 is initially off, then the capacitor connected 
from Pin 7 to ground will be charged by an external resistor (Rc) 
connected to Pin 6. As soon as the voltage at Pin 7 exceeds the 
potential set at the base of Q8 by resistors R8 and R10, Q7 will 
turn on and Q6 will supply base current to Q5 and Q10. Transistor 
Q10 will set a new, lower potential at the base of Q8 determined 
by R8, R9 and RIO. Then, transistor Q5 will discharge the 
capacitor through R4 until the base bias of Q7 fails below that 
of 08, at which time 07 will turn off and the cycle repeats. 

The sawtooth generated at the base of 04 will appear across 
R3 and turn off 03 whenever it exceeds the bias set on Pin 8. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 
predriver output pin (Pin 1) can be changed to accommodate either 


tube or transistor horizontal output stages. 

The phase detector is isolated from the remainder of the circuit 
by R14 and Z2. The phase detector consists of the comparator 
015, 016 and the gated current source Q17. Negative going sync 
pulses at Pin 3 turn off 012 and the current division between 
015 and 016 will be determined by the phase relationship of the 
sync and the sawtooth waveform at Pin 4, which is derived from 
the horizontal flyback pulse. If there is no phase difference be¬ 
tween the sync and sawtoo'th, equal currents will flow in the 
collectors of 015 and 016 each for half the sync pulse period. 
The current in 015 is turned around by 018 so that there is no 
net output current at Pin 5 for balanced conditions. When a phase 
offset occurs, current will flow either in or out of Pin 5. This 
pin is connected via an external low-pass filter to Pin 7, .thus 
controlling the osciliator. 

Shunt regulation for the circuit is obtained with a zero temp¬ 
erature coefficient from the series combination of D1, 02 and Z1. 
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MC1391P, MC1394P 


APPLICATION INFORMATION 


Although it isan integrated circuit, the MCI391P and MC1394P 
have ail the flexibility of a conventional discrete component 
horizontal APC loop. 

The internal temperature compensated voltage regulator allows 
a wide supply voltage variation to be tolerated, enabling operation 
from nonregulated power supplies. A minimum value for supply 
current into Pin 6 to maintain zener regulation is about 18 mA. 
Allowing 2mA for the external dividers 

20x10^ 

Components Rav Rb used for ripple rejection. If 

the supply voltage ripple is expected to be less than 100 mV (for 
a 30 Volt supply) then Ra and Rr can be combined and Ca 
omitted. 

The output pulse width can be varied from 6 ps to 48 ps by 
changing the voltage at Pin 8 (see Figure 5). However, care 
should be taken to keep the lead lengths to Pin 8 as short as possi¬ 
ble to prevent ringing which can result in erroneous output pulses 
at Pin 1. The parallel impedance of Rq and Rr should be close 
to 1 kn to ensure stable pulse widths. 

For 15 mA drive at saturation 

P _ ^nonreg ~ 0-3 
^ 15-x 10-3 

The oscillator free-running frequency is set by Rq and Cr 
connected to Pin 7. For values of Rc^Rdischarge Figure 

6), a useful approximation for the free-running frequency is 

1 

fQ = - 

O.SRcCr 

Proper choice of Rc and Cr will give a wide range of oscillator 
frequencies — operation at 31.5 kHz for count-down circuits is 
possible for example. As long as the product RcCr** 10"^ many 
combinations of values of Rc and Cr will satisfy the free-running 
frequency requirement of 15.734 kHz. However, the sensitivity 
of the oscillator (p) to control-current from the phase detector 
is directly dependent on the magnitude of Rc, and this provides a 



convenient method of adjusting the dc loop gain (fc). 

For a given phase detector sensitivity (p) =• 1.60 x 10“^ A/rad 

fc = ju/3 and (3 = 3.15 x Rc Hz/mA 


Increasing Rc will raise the dc loop gain and reduce the static 
phase error (S.P.E.) for a given frequency offset. Secondary effects 
are.to increase the natural resonant frequency of the loop (u;^) 
and give a wider pull-in range from an out-of-lock condition. The 
loop will also tend to be underdamped with fast pull-in times, 
producing good airplane flutter performance. However, as the 
loop becomes more underdamped impulse noise can cause shock 
excitation of the loop. Unlimited increase in the dc loop gain will 
also raise the noise bandwidth excessively causing horizontal jitter 
with thermal noise. Once the dc loop gain has been selected for 
adequate S.P.E. performance, the loop filter can be used to produce 
the balance between other desirable characteristics. ' Damping of 
the loop is achieved most directly by changing the resistor R^ 
with respect to Ry which modifies the ac/dc gain ratio (m) of 
the loop. Lowering this ratio will reduce the pull-in range and 
noise bandwidth (fnn). (Note: very large values of Ry will limit 
the control capability of the phase detector with a corresponding 
reduction in hpid-in range). 

Static phasing can be adjusted simply by adding a small resistor 
between the flyback pulse integrating capacitor and ground. Tl'ie 
sync coupling capacitor should not be too small or it can charge 
during the vertical pulse and this may result in picture bends at 
the top of the CRT. 

NOTE: 

In adjusting the loop parameters, the following equations may 
prove useful: 


^ _1-fX2Twc 
4XT. 



- / 

"y(i+x)T 

4 


u)(. = 2 rr fc 
T = Ry Cc 
where: 

K = loop damping coefficient 
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MC1393 


TV VERTICAL PROCESSOR 

.. designed for universal use in black and white as well as large- 
screen color television receivers. 

• Injection Locked Oscillator 

• Greater Than 12 Hz Injection 

• Low Thermal Drift 

• Eliminates Centering Control 

• Independent Vertical Hold and Size Controls 

• Scan Current Independent of Yoke Variations 

• Retrace Pulse for Effective Blanking 

• Linear Sawtooth Amplification 


TV VERTICAL 
PROCESSOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 























MC1393 


WIAXIWIUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Voltage 

30 

Vdc 

Junction Temperature 

150 

°C 

Operating Ambient Temperature Range 

0 to +70 

OC 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = +25 V, Ta "+25°C) (Figure 1) 


Characteristic 

Typ 

Unit 

Supply Drainlll 

525 

mAdc 

Oscillator Frequency (Pin 16) 

60 

Hz 

Oscillator Supply Sensitivity 

0.3 

Hz/V 

Oscillator Drift 

130 

PPM/°C 

Oscillator Injection (Pull-In) 

12 

Hz 

Driver Input Sawtooth Amplitude (Pin 2) 

3.0 

V(p-p) 

Output Current (Yoke) 

3.0 

^(o-p) 

Scan Non-Linearity 

8.0 

% 


Note 1: Total Current Includes Current in Circuit External to the 1C. 


CIRCUIT DESCRIPTION 


Oscillator 

The oscillator employs two differential amplifiers (Q1, 
Q2, and Q7, Q8). A capacitor at Pin 16 is charged by a 
current source Q6 until it reaches a voltage that turns on 
Q1. Q7 is turned on by Q1 providing a discharge path for 
the voltage stored at Pin 16. Q12 is on during the same 
period as Q1, and provides a discharge path for a ramp 
generated at Pin 2. Q1 stays on until the capacitor voltage 
is discharged to a level that turns Q7:Off. A neigative sync 
pulse at Pin 1 turns Q10 on and increases the oscillator 
frequency by lowering the Q1 switching voltage. 

Complementary Driver 

A sawtooth generated at Pin 2 i§ level shifted to the 
driver inputs Q24 and Q27. Q17 and an NPN output tran¬ 
sistor at Pin 6 are a current driver function for one-half 


of the output. Q20 acts as a current amplifier providing 
base current for the NPN output transistor. The current 
gain between Q20 and the qutput transistor is inversely 
proportional to the resistance ratio of R37 and the output 
emitter resistor. 1.0 mA of current through R37 will pro¬ 
duce 1.0 A through a 1.0 ohm output-emitter resistor, 
thus providing a gain of 1000. QiO, Q31 and a PNP out¬ 
put transistor at Pin 10 are a second current driver func¬ 
tion, making up the other half of the complementary 
output. Q35 provides base current for the output. The 
maximum amount of base current drive is determined by 
the current in the voltage divider on Pins 7 and 11. Pin 3 
is a return path for the dc and provides for automatic 
centering. Pin 8 is the collector output of Q18 providing 
a positive blanking pulse. 




MOTOaQLA 





MCI 393 



Circuit diagrams utilizing Motdrola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


IVIOTOIROLA Semiconductor Products tnc. 
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MC1398 


TV COLOR PROCESSING CIRCUIT 


... achroma IF amplifier with automatic chroma control, color killer, 
dc chroma control, and injection lock reference system followed by 
dc hue control. 

MC1398P is a monolithic device designed for use in solid-state 
color television receivers. 


• Minimum Number of External Components 

• DC Control of Both Chroma Amplitude and Hue Shift 

• Crystal-Controlled Internal Feedback Oscillator 

• Built-in Noise Immunity 

• Schmitt Trigger Color Killer 

• Automatic Chroma Control 

• Internal Burst Gate and Gate Pulse Shaping Circuit 

• High Oscillator Lock-in Sensitivity 

• Built-in Supply Regulation 


TV COLOR PROCESSING 
CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL CHROMA APPLICATIONS CIRCUIT 
(MC1398P. MCI 326 and MPSU10) 




iF ^^ 0.01 »iF 
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MC1398 



MAXIMUM RATINGS (T^ = +25°C unless otherwise noted) 


Rating 


Power Supply Current 


Horizontal Pulse Input Current 


Power Dissipation (package limitation) 
Derate above = +25°C 


Operating Temperature Range (Ambient) 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = +20 Vdc, Rs = 390 ohms, T/^ = +25°C unless otherwise noted 


Characteristic 


Regulated Voltage (ls = 35.mA) 
(Is = 27 mA) 


Maximum Undistorted Chroma Output, See Note 1,E(pjf, 3 ) =E(pjn 14 ) 


Maximum Chroma Gain 

^(pin 3 ) = E(pjn i 4 ),See Note 1 


Automatic Chroma Control Range (ACC) 

-3.0 dB down from maximum undistorted output ,see Note 1 


Chroma Burst Level to Kill, See Note 1 


Manual Chroma Gain Control Range 
(''•V(pin 3) (V(pin 14) 0 Vdc) 


Chroma Input Resistance 


Chroma I nput Capacitance 


Chroma Output Impedance 


Horizontal Input Pulse 


Oscillator Output 


Oscillator Output Impedance 


Hue Control Range 

V(pin 12) (V(pin 14 ) W 4.3 Vdc) 


Oscillator Pull-In Range 


Oscillator Noise Bandwidth (ffg) 


Static Phase Error with Oscillator Detuning 
25 mV(p-p) Burst Amplitude 
2.0 mV(p-p) Burst Amplitude 



Note 1: With 5.0 mV(p-p) burst input at pin 5 
set E(pjr, iq) to just ’'unkill”. 


FIGURE 2 - MC1398P TEST CIRCUIT 


OSCILLATOR 

PEAKING 


REGULATED 

VOLTAGE 



















































































FIGURE 3 - IVIC1398 CIRCUIT SCHEMATIC 




























MCI 398 


FIGURE 10 - PRINTED CIRCUIT LAYOUT OF MC1398P, MC1326, and MPSU 10 TRANSISTORS 



(Copper Side Shown) 


1-1 = 


SLUG 
EXTRACTED 


D.875— 

— I 0.1J 

0.5 — 


1 

1 


- 0.5 — 

T 

O 

1 


Li; 80 TURNS OF 
STANDARD #38 AWG 
HEAVY POLYTHERMALEZ 
WIRE. 



BOTTOM 

VIEW 



69.6 TURNS 


5.3 TURNS 


MC1398P APPLICATIONS INFORMATION' 

MC1398P is. a multifunction circuit with considerable gain as¬ 
sociated with the chroma amplifier and oscillator sections. It is 
important to the circuit layout utilizing the MC1398P that the 
chroma amplifier, oscillator, and oscillator output/hue section 
grounds are separated from each other. Ground loop problems 
will interfere with oscillation stability and lock-up if this pre¬ 
caution is not observed. 

Care must be. exercised to avoid coupling from the oscillator 
output to the crystal circuitry connected to pin 8. Stray coupling 
of these two points can result in excessive oscillator shift; or in 
some cases, oscillator drop-out during adjustment of the hue 
control. 

A suitable circuit layout fortheMC1398P is shown inFigure 10. 

An adjustable capacitor (1.5—20 pF in parallel with a fixed 
22 pF capacitor) is shown in series with the 3.58 MHz crystal. This 
capacitor is used to adjust the oscillator exactly on frequency, 
and ensures excellent oscillator lock-up. Hovyever, acceptable 
oscillator performance can be obtained with a fixed value of capaci¬ 
tance (this value is dependent on the designers' choice of crystals). 


COILCRAFT FORM #10-32 OR EQUIV 
UNIVERSAL AWG #36 WIRE OR EQUIV 
L =26mH 


T2 = 


(BOTTOM 

VIEW) 



PRIMARY 3 C SECONDARY 
WINDING p f WINDING 
82 TURNS UJ 55 TURNS 


COILCRAFT FORM #10-32 OR EQUIV 
UNIVERSAL AWG #36 WIRE OR EQUIV 
Lp = 12 mH primary winding 
Ls = 8.8 pH secondary winding 
K = 0.4 


This coil data is intended as an aid only. It is 
expected that many designers will want to use 
other approaches. 
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MCI 398 


MC1398P CIRCUIT DESCRIPTION 


The MC1398P is capable of providing the entire color processing 
function between the second detector and the demodulator for 
television color receivers. 

A band pass filter from the second detector provides a 50 mV 
(p-p) signal (for a saturated color bar pattern) at the input to the 
first chrorna amplifier stage (Q 2 , Q 3 , Qg. Qg). Because of Q 2 
emitter load resistor the input impedance is determined primarily 
by the bias resistor (R 3 ) and is about 2.3 kilohms. Since Q 2 is the 
current source for the differential pair (Q 3 and Qg), the chroma 
information will pass to the load resistor {R 7 ) and then to the 
second chroma amplifier (Qiy). To avoid overload of Q 17 , the 
maximum gain to 017 base is only X3 and by varying the bias at 
the base of Qg it is possible to reduce the stage gain by 23 dB 
without signal distortion; the signal being "dumped" by Qg 
collector into the supply. Since this automatic chroma control 
action will vary the dc bias at Q 17 base the emitter load of Q 17 is 
the current source Q-ig. maintaining the dc operating current. Q-jg 
collector is bypassed externally to prevent ac signal attenuation. 

During picture scan time, the chroma signal passes through the 
output level control amplifier (Qiq. Cll1< Q 15 . Q2l)- By changing 
the bias on Q 11 and Q 15 bases the signal can either pass to the 
output pin 2 or be "dumped" into the supply through Qt i- The 
use of buffer stages Qig and Q 21 prevent distortion at low-signal 
levels and the control range is better than 70 dB. The signal output 
is also buffered by Q 14 and Q 2 O' providing a low impedance 
drive of up to 2.0 V (p-p) to the demodulator, with an overall 
gain between pins 5 and 2 of 40 dB. To enable the chroma signal 
output to reach the amplifiers from Q 17 collector, Qt 2 is held in 
conduction by Qg which in the absence of any input on pin 4 is not 
conducting. This high collector voltage also holds Q 26 in 
conduction, clamping the input to the burst channel and preventing 
chroma information reaching the oscillator. During picture retrace 
time, a positive-going 4.0 ms pulse from the line sweep transformer 
will turn Qg "on" and Q 7 "off". When Qg collector goes low, 
Q 12 ''''ill become "cut-off" preventing the burst signal at Q 17 
collector from reachirig the output pin 2. At the same time, Q 20 
turns "off" opening the burst channel. The high collector voltage 
of Q 7 turns on Q-jg and Q22- ^16 passes the burst signal from 
Q 17 collector to the subcarrier regenerator and Q 22 "fills-in" for 
Q 12 during the gate period to prevent a dc shift in the pin 2 
output voltage. 

The gated burst signal is applied to the oscillator through Q 27 
and Q28- *^29' ^50 and Qgg together with Q 27 and Q 28 form 
an injection lopked oscillator circuit. At series resonance of the 
crystal connected to pin 8 the impedance of pin 8 is very low, 
thereby reducing the 3.579545 MHz carrier level at the base of 
QgQ. The signal at the base of Q 29 is not reduced but the output 
voltages in R 33 and R 42 will change. Any signals outside the 


response band of the crystal will appear equally at Qgg and Q 2 g 
bases and be suppressed in the output by the differential amplifier 
common-mode rejection ratio (about 40 dB). To maintain 
oscillation, a feedback signal with the correct phase is passed by 
Q 3 g back to the input of Q 27 . Careful control of the resistor 
ratios ensures that Q 29 and Qgg are operated linearly with about 
350 mV (p-p) at R 33 and R 42 , due to self oscillation. A burst 
signal as low as 2.0 mV (p-p) at the chroma input is sufficient to 
cause the oscillator to lock to the reference phase and frequency. 

As the burst amplitude increases, the level at Q 29 and Qgg 
collectors changes and this shift is used to provide the automatic 
chroma control function. Q 42 and Q 4 g form a modified differential 
amplifier and with zero offset bias Q 4 g conducts most of the 
current from Q 43 . As an increasing burst level swings Q 29 and 
Q 50 collectors, the current from Q 43 is shunted into Q42- At a 
point predetermined by the setting of the automatic chroma control 
connected to pin 10, the composite lateral PNP of Q 47 and Q 46 
will be biased into conduction. This amplifier has a gain of unity 
and a filter capacitor (connected to Q 4 g base) prevents any 
tendency to oscillations. Diode CR 9 provides thermal compen¬ 
sation to ensure a steady color-killer threshold point. The increas¬ 
ing current through Q 13 emitter is used to control Qg base, 
attenuating the input signal as the burst amplitude increases. The 
current from Q '|3 also keeps Q 19 in saturation. When the input 
signal becomes too small for satisfactory color rendition, Q 13 
current'falls and Q 19 comes out of saturation. This means Q 25 
will saturate, clamping Q 21 base and "killing" the chroma output 
stage. R 24 in the Schmitt trigger circuit ensures that the color- 
killer will have hysteresis to prevent fluttering between "on" and 
"off" states. 

The oscillator output voltages at R 33 and R 42 are used to 
drive Qgg and Q 39 into limiting so that as the burst amplitude in¬ 
creases the oscillator activity to around 700 rhV (p-p), there will 
be no change in the oscillator output amplitude at pin 13. Qgg and 
Qgg are used as current sources with a 180° phase difference for 
the differential pairs Qgg and Q 31 , Q 34 and Q 37 . A small 
capacitor attached externally to Q 39 collector adjusts the total 
phase difference to 135°. Since the signal appearing in the load 
resistor Rgi will be the vector sum of Q 31 and Q 37 signals, 
varying tbe base bias of Qgg and Q 34 will change the oscillator 
output phase over the 135° range. 049 and Q 41 buffer the 
oscillator output providing a low impedance drive at pin 13 for 
the demodulator. 

To minimize crosstalk between the burst and chroma channels, 
separate bias chains are used. Further, the oscillator bias chain 
is zener regulated to prevent phase shifts in the reference output 
with power-supply variations. 
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MC1399 


Advance Information 


TV COLOR PROCESSING CIRCUIT 


The MC1399 contains a chroma IF amplifier with automatic 
chroma control, color killer, linear dc chroma control, and a phase 
lock loop subcarrier regenerator system followed by adc hue control. 


• High Gain Automatic Chroma Control (ACC) 

• High Gain Phase Lock Loop Subcarrier Regenerator System 

• Color Killer with Externally Defined Threshold 

• Critical Design Parameters Externally Adjustable 

• Linear dc Chroma Control 

• DC Hue Control with Well Defined Range and Center 

• Internal Gating for Color Burst 

• Built-In Supply Regulator 

• Compatible with Most Existing Demodulators 


TV COLOR PROCESSING 
CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 


Temperature 

Range 


-20 to +75°C 




This is advance information and specifications are subject to change without notice. 
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MC1399 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Current 

60 

mA 

Horizontal Pulse Input Current 

4.2 

mA 

Minimum Load Resistance (Pins 11,13) 

2.7 

kO 

Junction Temperature 

150 

°c 

Operating Ambient Temperature Range 

-20 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS See Test Circuit, Figure 5. (All Switches in Position 1 Unless Otherwise Noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Regulated Voltage (V(;) (Pin 12) 

- 

12.6 

- 

Vdc 

Load Regulation (Pin 12) (Vcc ffom +22 V to +26 V) 

- 

100 

- 

mVdc 

APC Set Up Voltage (R2) 

0.61 

- 

0.81 


ACCSet Up Voltage (R1) 

0.57 

- 

0,79 

ME39SM 

Chroma Control Output Voltage 





(SI Position 2) 

- 

1.25 

- 

Vp-p 

(SI Position 3) 

- 

625 

- 

mVp-p 

(Sf Position 4) 

- 

12 

- 

mVp-p 

Oscillator Output 





(S2 Position 2) 

- 

2.2 


Vp-p 

(S2 Position 1) 

- 

1.6 

- 

Vp-p 

(S2 Position 3) 

- 

2.2 

- 

Vp-p 

Oscillator Output Phase (Referred to Chroma Output Pin 13) 

(S 2 Position 1 ) 


231 


Deg. 

(S2 Position 2) 


185 

- 

Deg. 

(S2 Position 3) 

. - 

268 

- ■ 

Deg. 

Static Phase Error (SPE) with Osciilator Detuned 


0.02 

- 

Degrees/Hz 

Automatic Chroma Control (ACC) 

Chroma Output for Input of: 





+6.0 dB (360 mVp-p Burst) 

- 

2.65 

- 

Vp-p 

-14 dB (36 mVp-p Burst) 

- 

2.1 

■ - 

Vpi) 

Chroma Output Voltage (Pin 13) for Input of -20 dB (Killer On) 

- ' 

10 

- 

mVp-p 

(18 mVp-p Burst @ Pin 2) 





(^) MOTOROLA Semiconductor Products Inc. 
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MC1399 


TYPICAL DESIGN CHARACTERISTICS (Figure 5) 


Characteristic 

Typ 

Unit 

Input Impedance Pin 2 

2.0 

kn 


2.0 

pF 

Pin 7 

10 

kn 


2.0 

pF 

Pin 9 

10 

kn 


2.0 

pF 

Output Impedance Pins 6, 11, 13 

so 

n 

Oscillator Drift with Temperature (Device Only) 

0.7 

PPM/®C 

Oscillator with V^c 

+20 

Hz/Volt 

Chroma Output Level Drift with Temperature 

10 

% 

(DeviceOnly,25 to 75°C) 



Chroma Output Level Sensitivity to Vqq (Device Only) 

2.0 

%/Volt 

Pull-In Range 

±500 

Hz 

Noise Bandwidth (f^^) 

150 

Hz 

Oscillator Control Sensitivity (P) 

1.2 

Hz/mV 

APC Phase Detector Sensitivity (/i) 

42 

mV/Degree 


FIGURE 2 - ACC CHARACTERISTICS 


FIGURE 3 - GAIN CONTROL CHARACTERISTICS 
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20 40 60 80 100 120 140 160 180 200 220 240 260 280 
INPUT SIGN AL 100% = 180 mVp.p Burst 



0 20 40 60 80 100 120 

DC VOLTAGE AS% OF SUPPLY ON CHROMA CONTROL ARM 


FIGURE 4 - TINT CONTROL CHARACTERISTICS 



0 


0 10 20 30 40 SO 60 70 80 90 100 110 120 130 140 

OC CONTROL VOLTAGE AS % OF SUPPLY 


MOTOROLA Semiconductor Products Inc. 
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MC1399 


FIGURE 5 - DYNAMIC CHARACTERISTIC TEST CIRCUIT 



Set-Up: Apply 6 ps, 15.734 kHz Horizontal Pulse 3 Vp-p, Centered on Burst. 

Adjust APC Control for 3.579545 MHz with No Chroma Input. 

Apply NTSC 75% Bar Chart, (Luminance, Sync and Set-up Removed) 
and Adjust ACC Control for 2.5 Vp-p Red Bar at Chroma Output. 

*1% Resistor Tolerance 
••Determines ACC loop gain, tea Figure 2. 

••Value determined by crystal. , 





MOTOROLA S&miconductor Rroducta Inc, 
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Determined by crystal. 


3.6 k 


To Service 
Switch and 
Video Driver 


MCI 399 







ORDERING INFORMATION 


Device Temperature Range Package 


MC3310P O^C to +7500 Plastic DIP 


MC3310P 



Input 
10.7 MHt I 
50 Ohms 


FIGURE 1 - FM/IF AMPLIFIER 

9 Vcc 



LI - 5.4 mH 

36 Turns, #30 AWG Wire Wound on 1/4" Slug Tuned ~ 
Form, Tapped 8 Turns from Ground End. 

Slog: T.H. Material 1/4" Dia., 1/2" Length 


Output 
10.7 MHz 



25 MF 2 


50#F i i 0.1 mF 17.5 k 

O Play 4^ •=■ 
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maximum ratings (Ta = 25°C unless otherwise noted). 


Rating 


Power Supply Voltage 


Power Dissipation @ T/\ = 25°C 1.2 

(Package Limitation) 

Derate above 25°C 10 


Operating Ambient Temperature Range 


ELECTRICAL CHARACTERISTICS (= 6.0 Vdc, T/^ = 25°C unless otherwise noted). 


Characteristic 


Open Loop Voltage Gain (Figure 3) 
(f = 1.0 kHz) 


h Parameters! 1) h^i 

If =1.0 kHz) hin 


Output Noise Voltage (Figure 3) 

(BIN = 20 Hz to 20 kHz, Rg = 10 


Current Drain 


HIGH FREQUENCY CHARACTERISTICS = 12 Vdc, f = 10.7 MHz, T/\ = 25°C unless otherwise noted). 


42 


.1.3 + j1.5 
-3.4 + j8.1 
-0.33 + jO.68 
120 + i0 


Power Gain (Figure 1 j 
ein =0.1 mVRMS) 


Noise Figure (Figure 1) 

. (Rs ^740 Ohms) 

■ - 

y Parameters! 1) 

VII 

(f = 10.7 MHz, l 2 = 2.0 mA) 

V12 


V21 


722 


mhos 


mV(RMS) 











































VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) 


MC3310 


TYPICAL CHARACTERISTICS 


AUDIO PERFORMANCE CHARACTERISTICS 
(for Test Circuit Figure 3) 


•TAPE PREAMPLIFIER PERFORMANCE 
(for Circuit Figure 2 ) 



10 40 100 400 1.0 k 4.0 k 10 k 40 k 100 k 400 k 1.0 M 4.0 M 10 M 

FREQUENCY (Hz) 



0.02 0.05 0.1 0.3 0.5 1.0. 3.0 5.0 10 20 

FREQUENCY (kHz) 


FIGURE 6 - VOLTAGE GAIN versus POWER SUPPLY 



0 4.0 8.0 12 16 20 

SUPPLY VOLTAGE (VOLTS) 



0.02 0.05 0.1 0.3 0.5 1.0 3.0 5.0 10 20 

FREQUENCY (kHz) 


Note: 

Tlie record/playbac)< cliaracteristics shown in Figures 8 and 9 
were taken with the preamplifier driven by a 50 ohm source. The 
curves are typical of a desired response for the preamplifier; how¬ 
ever, every type of tape recording and playback head is different 
and this circuit wilt not necessarily satisfy all requirements. No par¬ 
ticular tape head was used as a basis for circuit design. The circuit 
is only an example showing the equalization network configuration. 

The ideal preamplifier will have an input impedance approx¬ 
imately 10 times the highest impedance of the tape head and every 
preamplifier circuit must be designed using a test tape, to verify 
the response of the design. 



MOTOROLA 


Sefmiconductor f*r<0€iucts Inc. 
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POWER GAIN (dB) yj], FORWARD TRANSFER ADMITTANCE (mhos) yu, INPUT ADMITTANCE (mmhos) 


IV1C3310 


10.7 MHz y PARAMETERS 



FIGURE 10 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 12 - OUTPUT ADMITTANCE 



0.5 1.0 2.0 3.0 

PIN 2 CURRENT (mA) 


0.5 1.0 2.0 

PIN 2 CURRENT (mA) 


10.7 MHz PERFORMANCE 
(Circuit of Figure 1) 


FIGURE 13 - POWER GAIN versus SUPPLY VOLTAGE 


FIGURE 14 - VOLTAGE TRANSFER CHARACTERISTIC 




















9 

) = 0.1 







■ 







SitfH 
































8.0 to 12 14 16 

SUPPLY VOLTAGE (VOLTS) 


0.01 0.03 0.1 0.3 1.0 3.0 10 30 100 300 1000 

INPUT VOLTAGE (mVRMS) 


Circuit diagrams Utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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Advance Information 


FREQUENCY-TO-VOLTAGE 

CONVERTER 


FREQUENCY-TO-VOLTAGE CONVERTER 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


This monolithic frequeney-to-voltage converter uses a frequency 
doubling technique prior to integration in order to provide a low 
output ripple. 

• Threshold and hysteresis of input comparator programmed with 

single external resistor 

• Pulse-width programmed with external capacitor 

• Output voltage proportional to supply voltage 

• Zero frequency output voltage provided for use as reference 



BLOCK DIAGRAM 



This Is advance Information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted) 


Rating 


Operating Voltage Range 


Voltage at R|^ Pin f 


Sensor Input Voltage ■ ' 


Junction Temperature 


Operating Temperature Range 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (Vcc = 9-0 Vdc, Vrh = +1.0 Vdc, T^ = +25®C unless otherwise noted) 


Characteristic 


Current Drain 


Amplifier (Norton Type) 
Open Loop Voltage Gain 
Input Bias Current 
Output Current 
Source Capabifity 
Sink Capability 
Output Voltage 
High Voltage 
Low Voltage 
Unity Gain Bandwidth 
Phase Margin 


Zero Frequency Reference Voltage 
Reference Voltage 
Current Sink Capability 
Current Source Capability 
Reference Matching to Integrator Amplifier 



CIRCUIT INFORMATION 


INPUT SPECIFICATIONS 



Threshold of Input Comparator 

The trip point of the input comparator is pro¬ 
grammed by adjusting the voltage at the terminal Rh- 
This threshold is symmetric about the zero signal level 
and can be determined with the design equation: Vth = 
VRh/8. a 50 /jA ± 30% current source is provided at 
terminal Rh such that the thresholds can be programmed 


with a single resistor to ground. If greater accuracy is 
desired, the voltage at terminal Rh can be forced with a 
resistor divider to a reference voltage such as a regulated 
supply. For proper circuit operation, the threshold should 
be greater than ±50 mV, but less than ±500 mV corres¬ 
ponding to programming voltages of 400 mV to 4.0 volts 
at terminal Rh. The options for programming the input 
threshold are illustrated below. 



MOTOROLA SGmiconetuctor Rroducts Inc. 
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Maximum Input Amplitude at Pin 13 

To avoid false failure indication during the peak swing 
of the sensor signal, the voltage at Pin 13 must remain at 
least one volt above ground and one volt below N/qc- 
This implies that the peak sensor amplitude be less than 
’/s Vcc‘1 volts. To accomplish this the input filter, 
RS-CS, should be adjusted accordingly. 

To avoid damage to the 1C the voltage at the input 
Terrriinals. S, and SC should not swing more than 16 
volts above their Vi Vcc bias level. External resistors 
should guarantee that the clamp current sourced by the 
1C at SI or S2 does not exceed 1.0 mA. 

TIMING CIRCUIT SPECIFICATION 

The voltage on the capacitor at terminals (Pin 12) are 
ramped upward and downward to produce pulses of 
current for integration at twice the input signal fre¬ 
quencies. The pulse widths can be adjusted by adjusting 
the capacitor using the relationship: 


r. . ... 210 us _ 

Pulse width 70 ms/uF 

To avoid saturating the converter at high frequencies 
the pulse widths should be less than —where fmax 
equals the maximum input signal frequency. 

ONE POLE INTEGRATOR DESIGN 

To obtain a single pole at the frequency Wo an 
external resistor and capacitor should be connected as 
shown in Figure 1. 

After adjusting the gain of the converter with the 
resistor Rl (Rl = 100 kf2), the capacitor Cl should be 
chosen such that: 
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XC3315 


TWO POLE INTEGRATOR DESIGN 

To obtain two real and equal poles at the frequency 
Wo using the circuit shown in Figure 2 proceed as follows: 

1. Set integrator gain with resistor R4 (R4 = 100 kl2). 

2. Choose R3 and C2 from the equation: 


2 (R3) (R4) (C2) 


3. 


Note: Let R3 < 5.0 kfZ to avoid saturating the 
current source at terminal A. 

For real and equal poles let: 

^^_ 4(R3) (R4) (G2) 

(R3+R4)2 



FIGURE 2 - TWO POLE INTEGRATOR 


R4 



ACCURACY SPECIFICATIONS 

The tachometer has been designed to provide accurate 
frequency trip points when used with the comparator 
circuit shown in Figure 3. 

For this purpose the tach output must be described 
by the equation: 


determined by how well the tach characteristics fit this 
equation. Using measured values of Vo, VcC- 0Ref< 
f the gain constant K can be calculated at various operat¬ 
ing points. The converter accuracy can be expressed as 
the percent change in K due to supply voltage, tempera¬ 
ture, and frequency variations. The following tolerances 
are typical. 


Vo = K (Vcc - ^Ref) f + ®Ref 

where K = converter gain constant 
f = frequency of sensor signal 

The accuracy and linearity of the converter can be 


Variation in gain with supply voltage 

(average for 6.0 V to 16 V operation) -t-0.5%/Vo!t 
Variation in gain with frequency 

(linearity from 50 Hz to 2.0 kHz) +1% 

Variation in gain with temperature 

(-40OC to-tSSOQ) ±1% 


(g) 
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The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

„ _ Tj(max) "Ta 

" ROJA(Tvp) 

Where: Pd(Ta) " Power Dissipation allowable at a given 
opefating ambient temperature. This must be greater than 


Tj(max) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R0jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 
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XC3316P 

XC3317P 


Temperature Range 


-40to+85°C 
-40 to +85°C 


Package 


Plastic DIP 
Plastic DIP 



Advance Information 


DUAL FREQUENCY-TO-VOLTAGE CONVERTER 

This monolithic dual frequency-to-voltage converter uses a fre¬ 
quency doubling technique prior to integration in order to provide a 
low output ripple. High select, low select and fail indication outputs 
are available with the XC3317 only. 

• Two independent channels 

• Threshold and hysteresis of input comparators programmed for 

both channels with single external resistor 

• Pulse-width programmed with external capacitor for each channel 

• Output voltages proportional to supply voltages 

• Zero frequency output voltage provided for use as reference 

• Fail check indication for open sensor (XC3317 only) 

• Hi and low select outputs with less than 100 mV offset from actual 

output voltage (XC3317 only) 


DUAL 

F R EQU ENC Y-TO-VO LTAG E 
CONVERTER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


XC3316 
P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



XC3317 
P SUFFIX 

PLASTIC PACKAGE, 
CASE 701 




This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (T^ = 4'25°C unless otherwise noted) 


Rating 


Operating Voltage Range 


Voltage at Rh Pin 


Sensor Input Voltage 


Junction Tentperature 


Operating Temperature Range 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (V^c = +9.0 Vdc, Vrh = +1.0 Vdc, T/^ = +25®C unless otherwise noted.) 



Characteristic 

Symbol 

Current Drain i 

•d 

Amplifiers (Norton Type) 


Open Loop Voltage Gain 

Avol 

Input Bias Current 

>IB 

Output Current 


Source Capability 

^source 

Sink Capability 

Isink 

Output Voltage 


High Voltage 

VOH 

Low Voltage 

Vql 

Unity Gain Bandwidth 

BVtf 

Phase Margin 

dM 

Output Terminal Specifications 

Hi Select Output 


Offset From High Channel Output 

V|o 

Current Source Capability 

•source 

Current Sinking Capability 

•sink 

Lo-Select Output 


Offset From Lower Channel Output 

V|o 

Current Source Capability 

•source 

Current Sink Capability 

•sink 

Failure Indication Output 


Failure Indication Resistance 

^•fail 

Normal Resistance 

P*norm 

Current Sink Capability 

. •sink 

Zero Frequency Reference Voltage 


Reference Voltage 

VRef 

Current Sink Capability 

•sink 

Current Source Capability 

•source 

Reference Matching to Integrator Amplifiers 

VRef(offset) 



PIN CONNECTIONS 
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XC3316, XC3317 


CIRCUIT INFORMATION 


INPUT SPECIFICATIONS 

Thresholds of I nput Comparators 

The trip points of the input comparators are pro¬ 
grammed for both channels by adjusting the voltage at 
the terminal Rh- These thresholds are symmetric about 
the zero signal level and can be determined with the 
design equation: V^h = Vrh/ 8 . A 50 /zA ± 30% current 
source is provided at terminal RH such that the thres¬ 


holds can be programmed with a single resistor to 
ground. If greater accuracy is desired, the voltage at 
terminal Rh can be forced with a resistor divider to a 
reference voltage such as a regulated supply. For proper 
circuit operation, the thresholds should be greater than 
± 50 mV, but less than ± 500 mV corresponding to 
programming voltages of 400 mV to 4.0 volts at terminal 
RH. The options for programming the input thresholds 
are illustrated below: 


Vcc 



8 

I = 50 MA ± 30% 


Vcc 



Maximum Input Amplitude at SI and S2 

To avoid false failure indication during the peak 
swing of the sensor signal, the voltage at terminals SI 
and S2 must remain at least one volt above ground and 
one volt below VcC- This implies that the peak sensor 
amplitude be less than % VcC'1-0 volts. To accomplish 
this the input filters, RS1-CS1 and RS2-CS2, should be 
adjusted accordingly. 

To avoid damage to the 1C the voltage at the input 
terminals S1, S2, and SC should not swing more than 16 
volts above their % Vcc *^'3* level. The fail check circuit 
will not allow SI or S2 to go below ground, but external 
resistors should guarantee that the clamp current 
sourced by the 1C at SI or S2 does not exceed 1.0 mA. 

SENSOR FAILURE CHECK SPECIFICATIONS 

Open Sensor Check 

Resistors R01 and R02 pull SI and S2 respectively to 


ground if a sensor opens. This trips a fail check compara¬ 
tor on the 1C and drives the FAIL terminal output to 
its high state (high impedance). Let R01, R01 <200 kr2. 

TIMING CIRCUIT SPECIFICATION 

The voltages on the capacitors at terminals Cl and C2 
are ramped upward and downward to produce pulses of 
current for integration at twice the input signal fre¬ 
quencies. The pulse widths can be adjusted by adjusting 
the capacitors using the relationship: 

210 jus 

Pulse width = _ • ■’= 70 ms/uF 

0.003 /zF 

To avoid saturating the tach at high frequencies the 

pulse widths should be less than ——^— where fmax 
2 fmax 

equals the maximum input signal frequency. 


<& 
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ONE POLE INTEGRATOR DESIGN 

To obtain a single pole at the frequency Wo, an ex¬ 
ternal resistor and capacitor should be connected as 
shown below. 


After adjusting the gain of the tach with the resistor 
R|(R| s 100 kJ2), the capacitor C| should be chosen 
such that: 



TWO POLE INTEGRATOR DESIGN 

To obtain two real and equal poles at the frequency 
Wo using the circuit shown below proceed as follows: 

1, Set integrator gain with resistor R4 (R4 = 100 kS2). 

2. Choose R3 and C2 from the equation: 

yyo = — R3 + R4 - 

2(R3)(R4){C2) 


Note: Let R3 < 5.0 k^2 to avoid saturating the 
current source at terminal A. 

3. For real and equal poles let: 

_ 4(R3)(R4)(C2) 

C5-- 

(R3 + R4)2 
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ACCURACY SPECIFICATIONS 

The tachometer has been designed to provide accurate 
frequency trip pojnts when used with the comparator 
circuit shown below. 

For this purpose the tach output must be described by 
the equation: 

Vo= K (VcC-^Ref) f+ ^Ref 
where K = tachometer gain constant 
f = frequency of sensor signal 

The accuracy and linearity of the tach can be deter¬ 
mined by how well the tach characteristics fit this 


equation. Using measured values of Vo, Vqc, 0Ref. ^nd 
f the gain constant K can be calculated at various operat¬ 
ing points. The tachometer accuracy can be expressed as 
the percent change in K due to supply voltage, tempera¬ 
ture, and frequency variations. The following tolerances 
are typical. 

Variation in gain with supply voltage 

(average for 6.0 V to 16 V operation) ■l•0.5%/Volt 
Variation in gain with frequency 

(linearity from 50 Hz to 2.0 kHz) ±1% 

Variation in gain with temperature 

(-40OC to+850C) ±1% 


COMPARATOR CIRCUIT FOR ACCURATE FREQUENCY TRIP POINTS 
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CIRCUtT SCHEMATIC 


XC3316, XC3317 



7-155 


, 01 circuitry duplicated for channel 2. 







MC3320P 

MC3321P 


CLASS B AUDIO DRIVERS 


. . . designed as preamplifiers and driver circuits for complementary 
output transistors. 


Driver for Auto Radios — and up to 10-Watt Amplifiers 
High Gain — 7.0 mV for 1.0 Watt, Rl = 3.2 Ohms 
High Input Impedance — 500-Kilohm Capability 
Output Biasing Diodes Included 
No Special hpE Matching of Outputs-Required 
Formerly MFC8020A and MFC8021A in 
Case 644A Package 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltage 


Peak Output Current (Pins 4 and 1) 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 



MC3320P 


35 


MC3321P 


20 . 


150 


-10 to +75 


'55 to +125 


150 



CLASS B AUDIO DRIVERS 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUITS 



FIGURE 1 - CIRCUIT SCHEMATIC 







































ELECTRICAL CHARACTERISTICS (T^ = +25°C unless otherwise noted) (See Figure 2) 


Characteristic 

Drain Current (ejn = 0) 

(Vcc = 30 Vdc) 

(Vcc = 14 Vdc) ; 

MC3320P 

MC3321P 

Sensitivity (Pq = 1.0 Watt, f = 1.0 kHz) 

(eo = 8.95 V(RMS), Rl= 165 n) 

(eo = 3.2 V(RMS), Rl = 65 n) 

MC3320P 

MC3321P 

Total Harmonic Distortion (f = 1.0 kHz) 

(Vcc = 30 V, eo = 8.95 V(RMS), Rl = 165 n) 
(Vcc = 14 V, eo = 3.2 VfRMS), Rl = 65 fii) 

MC3320P 

MC3321P 

Open-Loop Gain 

(Vcc = 30 V, Rl = 165 n) 

(Vcc = 14V, Rl = 65J2) 

MC3320P 

MC3321P 

Ripple Rejection 

(f = 60 Hz, Ay, = lOO.ejo = 0, Power Supply 

Ripple = 1.0 V(RMS) 

Equivalent Input Noise 

(ejn = 0, Rs= 1.0 kn, BW = 100 Hz - 10 Hz) 

Quiescent Output Voltage (ej^ = 0) 

(Vcc = 30 V) 

(Vcc = 14 V) 

MC3320P 

MC3321P 



FIGURE 2 - TEST CIRCUIT 


l>3 I >3.0 k 

1N4002 
4 or equiv 

MC3320P^^ 1 

MC3321P ^ r 


THERMAL IIMFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

_ Tj{max) "Ta 
R0JA(^VP) 

Where: Pd(Ta) ~ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents awhe worst case operating condition. 

Tj(max) ~ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

RgjA(Typ) = Typical Thermal Resistance Junction to 
Ambient 



I 


Circuit diagrams Utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the ^miconductor devices described any 
necessarily given. The information has been carefully checked and license urider the patent rights of Motorola Inc. or others. 
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TYPICAL AUTO RADIO AUDIO APPLICATIONS and CHARACTERISTICS 

(T/^ = +25° unless otherwise noted.) 


FIGURE 3 - APPLICATION CIRCUIT FOR MC3321P* 



FIGURE 4-TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 


+ Cg o 



OUTPUT DEVICE tiFE 











MC3320, MC3321 


' TYPICAL 10-WATT AMPLIFIER APPLICATION AND CHARACTERISTICS 

= +25°C unless otherwise noted.) 

FIGURE 7 - APPLICATION CIRCUIT* 



FIGURE 8 - TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 



(Select Cl to provide desired bandwidth. 
Cl “ 47 pF minimum) 


FIGURE 9 - TOTAL HARMONIC DISTORTION 
versus FREQUENCY 



FREQUENCY (Hz) 



20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 

FREQUENCY (Hz) 


APPLICATIONS INFORMATION for MC3320P 
(10 Watt Amplifiers) 


The MC3320P is a high-voltage device capable of driving 
10 Watt audio amplifiers. The gain of the circuit shown in Figure 7 
changes when the value of R4 is varied and the bandwidth is 
determined by Cl. Emitter resistors are required at the higher 
voltages used for 10 Watt audio amplifiers to provide thermal 
stability. The value of is a function of the heatsink thermal 
resistance and supply voltage. The heatsink requirements for oper¬ 
ation at -F65°C (with both devices mounted on the same heat¬ 
sink) is about 14°C/W for the 10-Watt amplifier. If the maximum 
ambient operating temperature is reduced then the heatsink can 
be reduced in size as calculated by 


Pq = Maximum power dissipation of transistors 
(This occurs at about 60% of maximum output power) 
6.0 W for 10 W, 7.2 W for 12 W 

Ta = Maximum ambient temperature 


Tj - (0JS) Pd - Ta 

esA=- - - 

Pq 

where 

0SA = Heatsink thermal resistance 
Tj = Maximum junction operating temperature 

dJS = Junction to heatsink thermal resistance 
(includes all surface interface components for thermal 
resistance such as the insulating washer) 


* Differences may be found in idle current when matching this 
device to various output transistor types. It is suggested that a 
10k potentiometer be placed between Pins 1 and 4 in series 
with a 100 Ohm resistor. Thiswili allow forareduction in quiescent 
current. Care should be taken not to allow the idle current to fall 
below 1 mA to avoid crossover distortion. 


rill 
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MC3325 


Advance Information 


AUTOMOTIVE VOLTAGE REGULATOR 

. . . designed for use in conjunction with an NPISj Darlington transis¬ 
tor in a floating field alternator charging system. 

• Overvoltage Protection 

• Shut-Down on Lpss of Battery Sense 

• Selectable Temperature Coefficient 

• Available in Chip Form for Hybrid Assembly 



AUTOMOTIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



PIN CONNECTIONS 


Output Drive I- 

Adjust I ^ 

Over Voltage 
Sense L_ 

Battery Sensei- 

Loss Detect LT. 

Battery Sense | 5 
Battery Sense [ 6 
Battery Sense [~7 





□: 


El 




IE 


E 




lEI 


E 




'q: 


E 




cn 


E 




IE 


E 




E 


E 





Diode TC 
Adjust 


ORDERING INFORMATION 


Temperature Range 

Package 

-40to+85°C 

Plastic DIP 


This is advance information and specifications are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Ty\ = 25°C unless otherwise specified.) 


Characteristic 


Diode TC Adjust: Threshold Voltage on Pin 8 
(Figure!) 


Battery Sense: Threshold Voltage on Pin 5 
(Figure!) 


Battery Sense: Threshold Voltage on Pin 6 
(Figure !) 


Battery Sense: Threshold Voltage on Pin 7 
(Figure !) 


Battery Sense Loss Detect: Threshold Current Into Pin 4 
(Figure 2) 


Battery Sense Loss Detect: Threshold Voltage at Pin 4 
(I 4 < 400 pA, Figure 2) 


Overvoltage Sense: Threshold Current Into Pin 3 
(Figure 2) 


Overvoltage Sense: Threshold Voltage at Pin 3 
(I 3 < 400 pA, Figure 2) 


Output Drive Adjust: Voltage Drop from Pin 2 to Pin !0 
(I 2 = 10 mA, Figure 3) 


Low State Output Voltage at Pin !0 
(I 3 = 12 mA, I 2 “ 120 mA, Figure4) 
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MC3325 


FIGURE 5 - APPLICATION CIRCUIT 



*Note: The temperature coefficient of the battery voltage sense terminal is determined by the number of diodes used in 
the diode string (I.e., whether Pin 5, 6, or 7 Is used). The approximate temperature coefficient for a diode at 1.0 mA is 
-2,0 mV/®C^ and for a zener diode it is +3,0 mV/°C. Counting from ground (see circuit schematic) we have -2.0 mV for 
Q5, -2.0 mV for Q4, +3.0 mV for 21, -8,0 mV for 05 thru D8, and an additional -2.0 mV each for D9 and DIO if used. 
The total temperature coefficient can be varied from approximately -9.0 mV/®C to -13 mV/®C depending on the number 
of the diodes in the diode string that are utilized. 


APPLICATIONS CIRCUIT INFORMATION 
(See Figure 5) 


Determines the temperature coefficient by setting 
the value of current in the diode string. As the 
value of R1 decreases, so does the effective TC. R1 
should be chosen so that the current in the diode 
string is between 0.5 mA and 1.0 mA. 

This resistor determines the Vreg voltage as defined 
by the following equation: 

R5 R5 

Vreg = d + ^ ) 8.4 + (n + ) (0.7) 

n = number of diodes used in diode string 
(4 < n < 6 ) 

Used as a current limiting resistor on Pin 4 in case 
of an open battery voltage sense lead. 

Used as a current limiting resistor on Pin 3 in case 
of overvoltage at the diode trio. Voltage at Pin 3 
will run approximately 7.5 volts. R3 should be 
chosen so that the current (I 3 ) at maximum over¬ 
voltage is between 2.0 mA and 6.0 mA. 


This resistor determines the output drive current. 
Refer to specifications for the darlington driver 
and select the value for R2 that will provide 
enough drive to the output when the diode trio 
voltage is at a minimum. 

Vmin - 2.8 V 


This resistor in conjunction with R3 is used to set 
the maximum overvoltage. 

• . R3 -f R 6 

Maximum overvoltage s _ — (7.5) 

R 6 

Used for compensation 
(Approximately 3.0 kfi) 

Used for compensation 
(Approximately 0.01 juF) 
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Device Temperature Range Package 


MC3330P O^C to + 75°C Plastic DIP 


MC3330 


DIFFERENTIAL/CASCODE AMPLIFIER 


,. . designed for applications requiring differential or cascode amplifiers. 

• Extremely Flexible Amplifier 

• Diode Available for Biasing 

• Economical 8-Pin Dual In-Line Package 

• Formerly IV1FC8030 In Case 644A Package 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Supply Voltage 


Input Differential Voltage 


Power Dissipation @ T/\ = 25°C 
(Package Limitation!. 

Derate above 25°C 


Operating Ambient Temperature Range 



DIF F ERENTIAL/CASCODE 
AMPLIFIER 


SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 



































MC3330 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
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MC3333 


VARI-DWELL IGNITION CIRCUIT 


. . . designed for use in conjunction with a flux averaging sensor and 
a high energy ignition coil to provide regulated current pulses to 
the coil from information supplied by the sensor. 

• Wide Supply Voltage Operating Range (4 to 24 V) 

• Externally Adjustable Overvoltage Shutdown 

• Externally Adjustable Dwell Time and Spark Energy 

• Extremely .Stable Output Current Pulses 

• Variable Input Threshold Compensates for Low Supply 

Voltage Conditions 

• Low Static Current Drain 

• Also Available in Flip-Chip {MCCF3333) and Standard Chip 

(MCC3333) Form 


VARI-DWELL 
IGNITION CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




ORDERING INFORMATION 


Device 

Temperature 

Range 

Package 

MC3333P 

-40 to +85 

. Plastic DIP 































MAXIMUM RATINGS 


Rating 

Symbol 

Power Supply Voltage Steady State 

Vcc 

(Through 400 O, see Fig. 2) 


Transients of 300 ms or less 


Peak Output Sink Current 

'S(PEAK) 

Transients of 300 ms or less 


Junction Temperature 

Tj 

Operating Ambient Temperature Range 

Ta 

Storage Temperature Range 

^stg 



i w 

50 mA 




.3 


150 


-40 to +85 


-65 to +150 


ELECTRICAL CHARACTERISTICS (Vqc = 14.5 V, T/\ = 25°C unless otherwise specified; Figure 2.) 


Pin(s) 

Characteristic Symbol Under SI S2 S3 S4 SS S6 Min Typ Max Unit 

Test 


Current Drain 


Pre-Driver On 


01, D2 Output On 


Kelvin Contact 


CC Charge Circuit 


SI Follower 


C Clamp High 


S2 Turn On (measure Vs2 ramp 
value at PI switch point.) 


Overvoltage Protection 


Current Limit Trip 




1.6 

1.9 

2.1 

V 




1.0 V 
AQ OB 
^ pc 1-5 V 

?—$ 


13 Inc AQOpen 


-0 Ob / 

S5 -4. 1.0 V 
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MC3340P 


Temperature Range 


O'C to +75°C 


Package 


Plastic DIP 



ELECTRONIC ATTENUATOR 


• Designed for use in; 

DC Operated Volume Control 

Compression and Expansiori Amplifier 
Applications 

• Controlled by DC Voltage or External Variable Resistor 

• Economical 8-Pin Dual In-Line Package 

• Formerly MFC6040 in Case 643A Package 


MAXIMUM RATINGS (T/^ = -^25°C unless otherwise noted.) 


Power Supply Voltage 


Power Dissipation @ = 25°C 

Derate above = 25°C 


Operating Ambient Temperature Range 


ELECTRONIC ATTENUATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 





























ELECTRICAL CHARACTERISTICS (ejp = 100 mV (RMS), f = 1.0 kHz, R1 = 0, Vdc, T/x = +25°C unless otherwise noted.) 


Min I Typ Max I Unit 



Circuit diagrams utilizing Motorola products are included as a means is believed ^o be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently. assumed for inaccuracies. Furthermore, such information does not 
complete .Information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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ONE DIFFERENTIALLY-COWIMECTED 
PAIR AND THREE 
ISOLATED TRANSISTOR ARRAY 


The I\/1C3346 and MC3386 are designed for general-purpose, 
low power applications for consumer and industrial designs. 

• Guaranteed Base-Emitter Voltage Matching 

• Operating Current Range Specified — 10/nA to 10 mA 

• Five General-Purpose Transistors in One Package 


GENERAL-PURPOSE 

TRANSISTOR Array 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Substrate Voltage 


Collector Current Continuous 


Total Power Dissipation @ T/y = 25°C 
Derate above 25°C 
Derate Each Transistor <s> 25°C 


Operating Temperature Range 


Storage Temperature Range 



Value 


15 


20 


5.0 


20 


50 


1.2 

10 

300 


-40 to +85 


-65 to +150 





















































STATIC CHARACTERISTICS 


Collector-Base Breakdown Voltage 
dc = lO/jAdc) 


Collector-Emitter Breakdown Voltage 
(IC=1.0mAdc) 


Collector-Substrate Breakdown Voltage 

dc = 10M) 


Emitter-Base Breakdown Voltage 
(Ie = 10 /iAdc) 


Collector-Base Cutoff Current 
(VcB= lOVdc, Ie = 0) 


DC Current Gain 

dc =~10 mAdc, VcE = 3.0 Vdc) 
dc = 1-0 mAdc, VcE = 3.0 Vdc) 
dc = 10 MAdc, VcE = 3.0 Vdc) 


Base-Emitter Voltage 

(VcE = 3.0 Vdc, Ie = 1-0 mAdc) 
(VcE = 3.0 Vdc, Ie = 10 mAdc) 


Input Offset Current for Matched Pair Q1 and Q2 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Magnitude of Input Offset Voltage 
(VcE = 3.0 Vdc, Ic = 1 -0 mAdc) 


Temperature Coefficient of Base-Emitter Voltage 
(VcE = 3.0 Vdc, Ic = 1-0 ftiAdc) 


Temperature Coefficient 


Collector-Emitter Cutoff Current 
(VcE = 10 Vdc, 1 b =0) 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure 

(Vce = 3.0 Vdc, lc= 100 MAdc, Rs= 1.0 kfi, 
f = 1.0 kHz) 


Forward Current Transfer Ratio 

(VcE = 3.0 Vdc, lc= 1.0 mAdc, f = 1.0 kHz) 


Short-Circuit Input Impedance 
(VcE = 3.0 Vdc, Ic = 1-0 mAdc) 


Open-Circuit Output Impedance 
(VcE = 3.0 Vdc, Ic = T.O mAdc) 


Reverse Voltage Transfer Ratio 
(VcE = 3.0 Vdc, Ic = 1-0 mAdc) 


Forward Transfer Admittance 

(VcE = 3.0 Vdc, Ic = 10mAdc,f = 1.0 MHz) 


Input Admittance 

(VcE = 3.0 Vdc, lc= 1.0mAdc,f= 1.0 MHz) 


Output Admittance 

(VcE = 3.0 Vdc, lc= I.OmAdc, f = 1.0 MHz) 


Current-Gain — Bandwidth Product 
(VcE = 3.0 Vdc, ic = 3.0 mAdc) 


Emitter-Base Capacitance 
(VEB = 3.0Vdc, Ie = 0) 


Collector-Base Capacitance 
(VcB = 3.0 Vdc, Ic = 0) 


Collector-Substrate Capacitance 
(V-cs = 3.0 Vdc, Ic = 0) 


B^CBO 
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TYPICAL CHARACTERISTICS 


FIGURE 1 - COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 


FIGURE 2 - COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 
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FIGURE 3 - INPUT OFFSET CHARACTERISTICS FOR 
Q1 and 02 


FIGURE 4 - BASE-EMITTER AND INPUT OFFSET 
VOLTAGE CHARACTERISTICS 
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FIGURE 5 - DC CURRENT GAIN 
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INPUT-OFFSET VOLTAGE (mVdc) 











ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC3360P 

-io°eto -fTS'-c 

Plastic DIP 


1/4-WATT AUDIO AMPLIFIER 

.. designed for the output stage of battery-powered portable radios. 

• 250 mW of Audio Output Power 

• Low Standby Current — 3.5 mA typical 

• Low Harmonic Distortion 

• Reduces Component Count in Portable Radios 

• Formerly MFC4000B Packaged in Plastic Case 206A. 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Voltage 

12 

Vdc 

Power Dissipation (Package Limitation) 


Watts 

Derate above =+25°C 


mW/°C 

Operating Ambient Temperature Range 

-10to-r75 1 

°C 


TYPICAL APPLICATION 
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1/4-WATT AUDIO AMPLIFIER 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 



PLASTIC PACKAGE 
CASE 626 


MC3360P 






























MC3360 


ELECTRICAL CHARACTERISTICS* i^cc ^ ^ Ohms, T/^ = +25°C unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Zero Signal Current Drain 


3.0 

5.0 

mAdc 

Sensitivity 



240 

mV(RMS) 

Pq = 250mW(RMS) 





Output Power 

250 

350 

_ 

mW(RMS) 

Total Harmonic Distortion < 10% 





Total Harmonic Distortion 




% 

Pq = 50 mW(RMS) 


0.7 

_ 


Pq = 50 mW(RMS), Vcc = 6.0 Vdc 

- 

4.5 

- 



*As measured in test circuit shown in Figure 1. 



Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


MOTOROLA Semiconductor Products Inc. 
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MC3360 



TOTAL HARMONIC DISTORTION versus OUTPUT POWER 


FIGURE 2 - Vcc = 9 0 Vdc 


FIGURE 3 — Vrr = 6.0 Vdc 
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FIGURE 4 - CURRENT DRAIN versus OUTPUT POWER 
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FIGURE 5 - TOTAL HARMONIC DISTORTION 
versus SUPPLY VOLTAGE 
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Device 


MC3380P 


Temperature Range 


0°C to +75°C 


Package 


Plastic DIP 


MC3380P 


EMITTER COUPLED ASTABLE MULTIVIBRATOR 
With Programmable Pulse Width and Current- 
Controlled Pulse Repetition Rate 

The l\/IC3380P is a monolithic device designed for use as a general 
building block in control and power supply applications. 

Its extremely flexible design makes it useful in dc-db converter 
applications and power supply regulator circuits. Its fixed pulse 
width, variable frequency mode of operation makes it useful in 
switching regulator applications with either fixed or variable loads. 
This device is capable of stepping up (Figures 5 and 9) or stepping 
down (Figure 14) dc input voltages, and can produce regulated 
multiple output dc voltages of either positive or negative polarity 
(Figure 14). 

This device can also be used as a frequerrcy source when config¬ 
ured as a multivibrator. 

As a DC-DC Converter — 

Differential Line Regulation (Figure 9) - 
= 1 V (Max) @ Vcc = 3to7.5 V 

As a Power Regulator - 

Load Regulation (Figure 5) — 

0.2% (Typ) @ Pd = 1 to 3 Watts 
. As a Multivibrator — 

High Toggle Frequency = 100 kHz (Typ) 


EMITTER COUPLED 
ASTABLE 
MULTIVIBRATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Frequency 
Control 1 
fprequency 
Control 2 


Oscillator 

Output 
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IVIC3380P 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VCC 

10 

Vdc 

Output Current - Pin 8 

•o 

100 

mA 

Power Dissipation @ T/^ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


3.0 

mW/OC 

Operating Ambient Temperature Range 

ta 

0 to +75 

°C 

Storage Temperature Range 

^stg 

-55 to +125 

°C 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C, Vcc “ ) 

Characteristic | Symbol | Min [ Typ [ Max | UniT 


EMITTER-COUPLED ASTABLE MULTIVIBRATOR 


Rise Time 

(C = 0.0034mF,R 1 =R2= 10kn,f= 100 kHz, Figure 4) 

tr 

_ 

12 

- . 

ns 

Fall Time 

{C= 0.0034mF, R1 = R2= 10kn,f= 100kHz, Figure 4) 

tf 

“ 

45 

_ „ 

ns 

Toggle Frequency 

(C = 0.002mF,R 1 = R2= 10k,Figures2,3,4) 



100 


, kHz 


3-WATT REGULATOR 


Power Efficiency (Figures) 

(Vq « 200 Vdc@ 15 mAdc) 

- 

- 

60 

- 

% 

Load Regulation (Figure 5) 

(Po^^,<3.0W) 

Reaioad 


0.2 


% 

Line Regulation (Figure 5) 

(Vcc='4.0-6.0 Vdc) 

F^®9line 

- 

0.3 

- 

% 

Output Voltage (Figure 5) 

Vo 

- 

200 

- 

V 

Output Current (Figure 5) 

lo 

- 

15 

- 

mA 

Supply Voltage (Figures) 

Vcc 

3.0 

- 

10 

V 

Supply Current (Figure 6) 

(IpB “ 0. F*L “ 

<D 

— 

20 

30 

mA 

Output Voltage.High (Figures) 
do = 2.0 mA, 1FB = 250pA) 
do = 25 mA, (pB = 250 mA) 

VOH 

2.4 

1.2 

3.5 

1.5 

- 

V 

Output Voltage Low (Figure 6) 
do “ “1 *FB “ 600 juA) 

VOL 

- 

150 

300 

mV 

Rise Time 

(Figure 7) 

V 

- 

12 

- 

ns 

On Time 

Ion 

- 

20 

- 

MS 

Fall Time 

tf 

- 

45 

- 

ns 

Off Time 

^off 


20 


MS 


DC - DC CONVERTER 


Zener Bias Current (Figure 10) 

(Vcc = 5.0 Vdc, Vq > 2.4 Vdc) 

(Vcc = 5.0 Vdc, Vq < 0.4 Vdc) 

'FBI 

'fbz 

600 

- 

250 

> > 

Output Current (Figure 11) t 
(Vcc = 5.0 Vdc) 

'OH 

25 

35 


mA 

Output Resistance (Figure 12) 

(Vcc 5.0 Vdc, Iq = -1-0 mA) 

to 

150 

220 

300 

n 

Shutdown Voltage (Figure 13) 

(Vo < 0.5 V) ( 

Vcc 


_ 

1.6 

V 

Supply Voltage (Figures) 


3.0 

- 

7.0 

V 

Differential Line Regulation (Figure 9) 

(AVcc = 3.0to 7.0 Vdc) 

^Vreg 

-1.0 

. - 

+1.0 

V 

Feedback Voltage (Figure 9) 

(Vcc =5.0 Vdc) 

Vf 

0.6 

- 

1.1 

V 

Voltage Efficiency (Figure 9) 

(Vcc = 5.0 Vdc, Eff(%) = (Vout2/(3.3 k) dcc>(VcC» 

- 

40 

- 

- ; 

% 








































































































FREQUENCY (Hz) 


IVIC3380P 



FIGURE 2 - TYPICAL CAPACjTANCE 
versus FREQUENCY 


FIGURE 3 - TYPICAL DUTY CYCLE 
and FREQUENCY CHARACTERISTICS 




CAPACITANCE (mF) 


R1, RESISTANCE (OHMS) 


FIGURE 4 - ASTABLE MULTIVIBRATQR TEST CIRCUIT 


7 



FIGURE 5 - 3-WATT SWITCHING REGULATOR APPLICATION CIRCUIT 
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FREQUENCY (kHz) 

























MC3380P 


FIGURE 6 - STATIC TEST CIRCUIT 


FIGURE 7 - DYNAMIC TEST CIRCUIT 




FIGURE 8 - SWITCHING WAVEFORMS AT Q2 
Collector Current and Voltage Wavefortns of 2N6495 (02) From Figure 5 



FIGURE 9 - TYPICAL APPLICATION IN 3 - 25 V 
DC-DC CONVERTER CONFIGURATION 



Notes: 

1. All resistor values in ohms, ± 1%, 1/4 W 

2. AM capacitor values in pF, = 20%, except * ± 5%. 

3. All inductors ± 4%. 
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MC3380P 


7 



\ 


DC - DC CONVERTER TEST CIRCUITS 


FIGURE 10 - ZENER BIAS CURRENT TEST 


Vcc 



FIGURE 11 - OUTPUT CURRENT TEST 



FIGURE 12 - OUTPUT RESISTANCE TEST 


Vcc 



FIGURE 13 - SHUTDOWN VOLTAGE AND TEST 

(NOTE: Decrease V^q until Vq < 0.5 V) 


Vcc 
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IV1C3380P 


FIGURE 14 - TYPICAL APPLICATION AS MULTIPLE OUTPUT SWITCHING REGULATOR FOR USE WITH MPU'S 






TYPICAL PERFORMANCE 
Pouti = Watts 
(Vq = 5 V ± 5%) 

5 V Ripple Component 50 mV 
(120 Hz + 20 kHz) 

Pout2 = 600 , 

(Vq = 12 V ± 10%) 

Pouts = 3 

(Vq = -3 V ± 10%) 



7-183 




MC3390 


Product Preview 


PHASE LOCKED LOOP FREQUENCY SYNTHESIZER 

The MC3390 is a phase locked loop frequency synthesizer de¬ 
signed specifically for single crystal, Class-D citizen band radio appli¬ 
cations. By utilizing recently developed circuit techniques, the 1C 
incorporates high speed and high density logic in combination with 
standard linear functions and is processed with the same techniques 
and materials common to the Motorola low-cost consumer linear 
1C line. 

• Developed Specifically for Class-D Citizen Band Radio Applica¬ 

tions 

• Targeted for Low Cost, High Volume Requirements 

• Directly Compatible with the New 40 Channel Frequency Alloca¬ 

tion 

• Requires Only One Crystal to Generate All Transmit and Receive 

Frequencies 

• Compatible with the MC3391 Remote Controller and Display 

Driver 

• A Low-Cost Binary Coded Switch Can Be Used Directly for 

Channel Selection 

• Compatible with Digital Display Techniques 

• Linear Compatible I^L Is Utilized for Optimum Cost Effectiveness 

• Designed for Double or Single Conversion Receivers 


PHASE LOCKED LOOP 
FREQUENCY SYNTHESIZER 
FOR 

CITIZEN'S BAND RADIO 



This is advance information and specifications are Subject to change without notice.' 
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MC3391 


Prodixct i^review 


REMOTE CONTROLLER AND DISPLAY DRIVER 
FOR CITIZEN'S BAND RADIO 

The MC3391 is a remote controller and display driver 1C designed 
to be used in conjunction with the MC3390 frequency synthesizer 
for Class-D citizen's band radio applications. 

The l\/IC3391 provides the user the capability of incremental 
stepping from One channel to another by merely engaging a push 
button switch. Last channel memory is provided during power 
switch off conditions. The 1C also provides the decoding and drive 
required by seven-segment light emitting diode or liquid crystal 
displays for channel number indication. It is fully compatible with 
the new 40 channel frequency allocation. 


REMOTE CONTROLLER 
AND 

DISPLAY DRIVER 
FOR 

CITIZEN'S BAND RADIO 



ORDERING INFORMATION 


Device 

Temperature 

Range 

MC3391P 

-40 to -tSS 



TYPICAL APPLICATION 

40 Channel CB Transceiver with remote and manual control capability and LED/LCD display 



This is advance information and specifications are subject to change without notice. 
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TDA1190Z 


Advance Information 


TV SOUND SYSTEM 

The TDA1190Z 4.0 watt sound system is designed for television 
and related applications. Functions performed by this circuit include: 
IF Limiting, IF amplifier, low pass filter, FM detector, DC volume 
control, audio preamplifier, and audio power amplifier. 

• 4.0 Watts Output Power 

(Vcc = 24 V, Rl= 16J2) 

• Linear Volume Control 

• High AM Rejection 

• Low Harmonic Distortion 

• High Sensitivity 


TV SOUND SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



BLOCK DIAGRAM 


PIN CONNECTIONS 


Regulated 

Power 

Supply 


Power 

Amplifier 


Low-Pass [ ^ i FM 
Filter I T I Detector 


Decoupling 
Decoupling , 


DC Volume- 
Control 


Ripple Rejection 
Supply Voltage 


' Compensation 


Limiter \ 
Amplifier . 



This is advance information and specifications are subject to change without notice. 
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TDAli90Z 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage Range 

Vcc 

9.0 to 28 

V 

Input Signal Voltage 

V| 

1.0 

V 

Output Peak Current (Non-repetitive) 

(Repetitive) 


2.0 

1.5 

A 

Operating Temperature Range 

Ta 

0 to +75 

°c 


Junction Temperature '*'j ^^0 


ELECTRICAL CHARACTERISTICS (Vcc = 24 V, fo = 4.5 MHz, Af = ±25 kHz, Ta = 25°c unless otherwise noted. 



(^) MOTOROLA Semiconductor Products Inc. 
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TEST CIRCUIT 
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OTHER LINEAR CIRCUITS 


Temperature Range 
0 to 70°C -55 to 125°C Other 


Page 


MC1510 


MC1410 
MCI 422 
MC1438 
MCI 445 


MCI 454 
MCI 455 
MCI 464 

MC1494 
MCI 495 
MCI 496 
MC1733C 


MC3405 

MC3423 

MC3426 

MC3456 

MLM565C 

NE592 


MCI 538 
MC1545 
MCI 550 
MCI 552-53 
MCI 554 
MCI 555 


MC1590 

MC1594 

MCI 595 - 

MCI 596 

MC1733 

MC3344 
- MC3370 

MC3505 

MC3523 - 

MC3556 

SE592 


Video Amplifier. . . . ... 8-6 

Timing Circuit with Adjustable Threshold.8-10 

Power Booster.. ... 8-17 

Wideband Amplifier.8-23 

RF-IF Amplifier.8-29 

Video Amplifier..8-35 

1-Watt Power Amplifier ..8-39 

Timing Circuit. ..8-43 

NPN Power Darlington Driver...8-50 

Wideband Amplifier with AGC . ...8-52 

Four-Quadrant Multiplier ..8-61 

Four-Quadrant Multiplier.8-75 

Balanced Modulator-Demodulator.. 8-91 

Differential Video Amplifier.. 8-101 

Programmable Frequency Syvitch.8-109 

Zero Voltage Switch.8-114 

Dual Operational Amplifier plus Dual Comparator.8-118 

Overvoltage Sensing Circuit...8-123 

Ground Fault Interrupter.. 8-127 

Dual Timing Circuit...8-134 

Phase-Locked Loop.... 8-141 

Video Amplifier. ..8-145 
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High Frequency Amplifiers 

A variety of high-frequency circuits with features ranging from iow-cost simplicity to multi¬ 
function versatility marks Motorola's line of integrated RF/IF amplifiers. Devices described here are 
intended for industrial and cummunications applications. For devices especially dedicated to con¬ 
sumer products, i.e., TV and entertainment radio, see page 7-3. 


NON-AGC AMPLIFIERS 


AGC AMPLIFIERS 


SE/NE592 — Differential Two Stage Video Amplifiers 
A monolithic, two state differential output, wide¬ 
band video amplifier. It offers fixed gains of 100 
and 400 without external components and ad¬ 
justable gains from 400 to 0 with one external 
resistor. The input stage has been designed so that 
with the addition of a few external reactive ele¬ 
ments between the gain select terminals, the 
circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit 
ideal for use as a video or pulse amplifier in 
communications, magnetic memories, display and 
video recorder systems. 


MC1550 — Low Cost Building Block 

Single-stage cascade connected amplifier with 
delayed AGC characteristics, for operation at 
frequencies to lOO MHz. Has typical power gain of 
25 dB @ 60 MHz. 

MC1545/MC1445 - Gated 2-Channel Input 

Differential input and output amplifier with gated 
2-channel input for a wide variety of switching 
purposes. Typical 75 MHz bandwidth makes it 
suitable for high-frequency applications such as 
video switching, FSK circuits, multiplexers, etc. 
Gating circuit is useful for AGC control. 


MCI 733/MCI 733C - Video Amplifier 

Differential input and output amplifier provides 
three fixed gain options with bandwidth to 120 
MHz. External resistor permits any gain setting 
from 10 to 400 v/v. Extremely fast rise time (2.5 
ns typ) and propagation delay time (3.6 ns typ) 
makes this unit particularly useful as pulse ampli¬ 
fier in tape, drum, or disc memory read applications. 

MC1552/MC1553 — Low Distortion Amplifier 

Extremely high performance amplifier with 
internal series feedback for stable voltage gain and 
low distortion. Temperature compensation stablizes 
operating point. Has selectable gain option and 
well characterized data that permits accurate 
response shaping. Useful for critical applications 
such as wideband linear amplifiers or fast-rise pulse 
amplifiers. 

MC1510/MCT410 — General-Purpose Differential 
Amplifier 

Differential amplifier with flat response to 40 MHz. 
Provides excellent performance and simple design 
for most video and communications purposes. 


MCI 590 — Wide-Band General Purpose 

Has differential inputs and outputs with unneu¬ 
tralized power gain as high as 35 dB typical at 100 
MHz in tuned amplifier service. Effective AGC 
voltage range from 5 to 7 volts for a 30 dB gain 
reduction. 


ELECTRICAL SPECIFICATIONS 
AGC AMPLIFIERS 


Operating 

Temperature Range 

Band 
Av width 
dB MHz 

Vcc/ 

VeE 

Vdc 

Case 

-55 to 
■H25°C 

0 to 
-t75°C 

MCI 650 


22 Min 22 

+G/- 

6026,606 

MCI 590 

- 

44 Typ (® 10 

4 Typ @ 1OO 

+ 12/- 

601 

MC1545 

MC1445 

19 Typ @ 75 

+5/-5 

602A,607 

632 


NON AGC AMPLIFIERS 


MCI 733 

MC1733C 

52 @ 40 

40 90 

20 120 

+6/-6 

603,632 

MC1510 

MC141b 

o 

o 

+6/-6 

601 

MCI 653 

MCI 552 

- 

46 @ 35 

52 15 

+6/-6 

6026 

34 @ 40 

40 @ 35 

+6/-6 

6026 

SE592 

NE592 

55 @ 40 

45 @90 

+6/-6 

1_ 

603,632 



PACKAGE STYLES 


CASE 

601 

602A 

602B 

603 

606 

607 

632 

MATERIAL 

Metal 

Metal 

Metal 

Metal 

Ceramic 

Ceramic 

Ceramic 

SUFFIX 

G 

G 

G 

G 

F 

F 

L 

after type number 


































Special Purpose Circuits 


The Unear integrated-circuits listed in this section were developed by Motorola for the system 
design engineer to fill special-purpose requirements. Temperature ranges and package availability are 
tailored to provide price/performance versatility. 


LINEAR FOUR-QUADRANT MULTIPLIERS 

MCI 594/1494 

This device is designed for use where the output 
voltage is a linear product of two input voltages. 
Typical applications include; multiply, divide, 
square root, mean square, phase detector, fre¬ 
quency doubler, balanced modulator/demodulator, 
electronic gain control. 

The MC1594/I\/IG1494 is a variable transcondue- 
tance multiplier with internal level-shift circuitry 
and voltage regulator. Scale factor, input offsets 
and output offset are completely adjustable with 
the use of four external potentiometers. Two 
complementary regulated voltages are provided to 
simplify offset adjustment and improve power- 
supply rejection. 

MC1595/MC1495 

Similar to the MC1594/1494, but without internal 
level shift and voltage regulator circuits. 

BALANCED MODULATOR-DEMODULATOR 

MC1596/MC1496 

Designed for use where the output voltage is a 
product of an input voltage (signal) and a switching 
function (carrier). Typical applications include 
suppressed carrier and amplitude rnodulation, 
synchronous detection, FM detection, phase 
detection and chopper applications. 

TIMING CIRCUITS 

MC1555/MC1455/IVIC1422 

These devices are highly stable timing circuits 
capable of producing accurate time delays or 
oscillation. Acjditional terminals are provided for 
triggering or resetting if desired. In the time delay 
mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For a stable 
operation as an oscillator, the free running fre¬ 
quency and the duty cycle are both accurately 
controlled with two external resistors and one 
capacitor. The circuit may be triggered and reset 
on falling waveforms, and the output structure 
can source or sink up to 200 mA or drive MTTL 
circuits. Timing from Microseconds through Hours. 


The MC1422 has variable threshold level, adjust¬ 
able externally. 


MCI 555 
MC1455 
MC1422 


Timing Error (typ) 
0.5% 

1.0% 

1 . 0 % 


MC3556/MC3456 

Dual Version of the MC1555/MC1455 


Operating 

Temperature Range 

Case 

-55 to ■H25°C 

0 to +70“C 

MCI 554 

MC1454 

602B 

MCI 555 


601,693 


MC1455 

601,626, 693 

MCI 594 

MC1494 

620 

MCI 595 

MC1495 

632 

MCI 596 


602A,632 


MC1496 

602A, 632, 646 


MC1422 

601,626 

MC3506 


632 


MC3405 

632, 646 

MC3556 


632 


MC3456 

632, 646 

MC3523 


693 


MC3423 

626, 693 


MC3426 

632 


MC337D 

626 


GROUND FAULT INTERRUPTED CIRCUITS 

MC3426 

(Latching) 

This circuit provides ground fault and grounded 
neutral protection for 120 VAC, 15 and 20 Amp. 
lines. Useful in wall socket and circuit breaker 
applications. 

• Trip Times in Accordance with U.L. 

• High Noise Immunity 

• Resistance to False Tripping 

• Minimum Trip Leakage Current-5 ± mA 

• Trips for Neutral Gnd. Resistance > 2 
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OVERVOLTAGE PROTECTION CIRCUIT 

MC3423/MC3523 

Protects sensitive electronic circuitry from over 
voltage conditions by short circuiting the supply 
current when an overvoltage occurs. This causes 
circuit breaker to trip or fuse to open. 

• Adjustable Threshold Voltage 

• Adjustable Energy Threshold 

• Remote Activation 

• Activation Indication 

POWER CONTROL CIRCUITS 

MC3370 

Electronic switch for triac triggering applications. 
Features zero-crossing detector to eliminate RFI, 
differential input with dual sensor inputs, input 
open and short protection, and built-in regulator 
permitting AC line operation. 


MONOLITHIC DUAL OP AMP-DUAL 
COMPARATOR 

MC3505/MC3405 

This device contains two differential input opera¬ 
tional amplifiers and two corhparators each set 
capable of single supply operation. This operational 
amplifier-comparator circuit will find its applica¬ 
tions as a general purpose product for automotive 
circuits and as an industrial "building block". 

• Op Amp Equivalent in Performance to l\/IC3403 

• Comparator Similar in Performance to MLM339 

• Op Amps are Internally Frequency Compensated 

• Supply Operation 3.0 Volts to 36.0 Volts 

• Dual Supply Operation also Available 


PACKAGE STYLES 



CASE 

601 

602A 

602B 

626 

632 

646 

693 

MATERIAL 

Metal 

Metal 

Metal 

Plastic 

Ceramic 

Plastic 

Ceramic 

SUFFIX 

after type number 

G 

G 

G 

PorPI 

L 

P 

U 




























WIDEBAND VIDEO AMPLIFIER 

. . . designed for use as a high-frequency differential amplifier with 
operating characteristics that provide a flat frequency response from 
dc to 40 MHz. 

• High Gain Characteristics 

Ay = 93 typ 

• Wide Bandwidth — dc to 40 MHz typ 

• Large Output Voltage Swing 

4.5 Vp-p typical @ ±6.0 V Supply 

• Low Output Distortion 

THD<1.5%typ 



VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


6 SUFFIX 

METAL PACKAGE 
CASE 601 


Non-Inv. 
Input (tJ 



Case 

(Top View) 
























MC1410, MC1510 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

Vee 

+8.0 

-8.0 

Vdc 

Differential Input Voltage Range 

V|dR 

±5.0 

Volts 

Common Mode Input Voltage Range 

V|CR 

+6.0 

Volts 

Load Current 

. 'L 

10 

mA 


-Output Short Circuit Duration 


Power Dissipation (Package Limitation) 
Metal Can 

Derate above Ty(^ = +25°C 


Operating Temperature Range 

MC1410 

MC1510 


Storage Temperature Range 




E LEOTRI CAL CHAR ACTE RISTICS ( Vcc = -h 6.0 Vdc, Vee “ Rl ' kO, = •r25°C unless otherwise noted.) 


Characteristic 


Single Ended Voltage Gain 


Output Impedance 
(f = 20 kHz) 


Input Impedance 
(f = 20kHz) 


Bandwidth (-3.0 dB) 


Output Voltage Swing (Single Ended) 

(f= 100 kHz) 

V 

0 

Single Ended Output Distortion 
(ejn < 0.2% Distortion) 

THD 

Input Cornmon Mode Voltage Range 

V|CR 

Common Mode Voltage Gain 

(Vjn = 0.3 Vrms,f= 100 kHz) ^ 

■^VcM 

Common Mode Rejection Ratio 

CMRR 

input Bias Current 

/ ll + '2\ 

IhB” ^~ 2 — ) ' Differential Output = 0 

1 

IB 

Input Offset Current 
(l|0 = li - l2> 

'lO 

Output Offset Voltage 

Differential Mode (Vjp = 0) 

Common Mode (Differential Output = 0) 

VOO(DM) 

VOO(CM) 

Step Response 

ITHL 

fPHL.'PLH 

fTLH 

Average Temperature Coefficient of 

Input Offset Voltage 

(Rs = 50 n, T/\ = T|o(^* to Thigh ) 

(Rs^ 10 k n, T^j= T|oyy/to Thigh) 

AVjqMT 

DC Power Consumption 
(Power Supply = ±6.0 V) 

Vc 

Equivalent Average Input Noise Voltage 
(f = 10 Hz to 500 kHz, Rs = 0) 





1 MC1410 

Min 

U99 

Max 

60 

1 1 

120 



*T|ow = 0°Cfor MCI 410 

or-55°CforMC1510 


"'Thigh = +75°C for MCI410 or 
+125°CforMC1510 








































































































































Pd, power dissipation (mW) 




































, OUTPUT VOLTAGE (mVIrmsl) 




















MC1422 


Speeifications and Applications 
Information 


MONOLITHIC TIMING CIRCUIT WITH 
EXTERNALLY ADJUSTABLE THRESHOLD LEVEL 

The IVIC1422 monolithic timing circuit is a highly stable controller 
capable of producing accurate time delays, or oscillation. Additional 
terminals are provided for triggering or resetting if desired. For 
astable operation as an oscillator, the free running frequency and the 
duty cycle are both accurately controlled with two external resistors 
and one capacitor. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 
mA or drive MTTL circuits. 

• Useable as a Differential Comparator Timer 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0.005% per °C 

• Normally "On" or Normally "Off" Output 


TYPICAL APPLICATIONS 

• Time Delay Generation • Precision Timing • Missing Pulse Detection 

• Sequential Timing • Pulse Generation • Pulse Width Modulation 

• Linear Sweep Generation • Pulse Shaping • Pulse Position Modulation 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 



Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+16 

Vdc 

Discharge Current (Pin 7) 

'7 

200 

mA 

Power Dissipation (Package Limitation) 

Pd 



Metal Can 


680 

mW 

Derate above Ta = +25°C 


4.6 

mW/°C 

Plastic Dual In-Line Package 


625 

mW 

Derate above Ta =+25°C 


5.0 

mW/°C 

Operating Temperature. Range (Ambient) 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

“C 


TIMING CIRCUIT 
WITH ADJUSTABLE THRESHOLD 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(Top View) 


1. Ground 

2. Trigger 

3. Output 

4. Reset 

5. Variable Threshoid 
Reference 

6. Threshold 

7. Discharge 

8. Vcc 


GSUFFIX 
METAL PACKAGE 
CASE 601 

1. Ground 

0 2. Trigger 

3. Output 
4. Reset 

5. Variable Threshold 
Reference 
6. Threshold 
(Top View) 7. Discharge 

8. Vcc 


ORDERING INFORMATION 


Type Temperature Range 


MC1422G 0 to +70°C Metal Can 

MCC1422Pr 0to+70°c Plastic DIP 



Adjustable 

Threshold 


FIGURE 1 - BLOCK DIAGRAM 

(0 5 8 0 Vcc 

I Reference 





1_j 

1 j 



Cui„K.aidlo, 


*5 k < 

i 
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MC1422 


ELECTRICAL CHARACTERISTICS (T/^ = +25°C, Vqc = +5.0 V to +14 V unless otherwise noted.) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

- 

14 

V 

Supply Current 

>D 




mA 

Vcc = 5.0 V,Rl = “> 


- 

3.0 

6.0 


Vcc= 14 V, Rl= ~ 


- 

10 

15 


Low State (Note 1) 






Timing Error (Note 2) 






RA' Rb = 1.0 kfi to 100 kn 






Initial Accuracy C = 0.1 pF 


_ . 

1.0 


% 

Drift with Temperature 


- 

50 


PPM/°C 

Drift with Supply Voltage 


- 

0.01 

- 

%/Volt 

Threshold Voltage (Figure 2) 

Vth 

- 

2/3 

- 

xVcC 

Trigger Voltage 

vt 




V 

Vcc = 14 V 


. - 

5.0 



Vcc = 5-0 V 


- 

1.67 

- 


Trigger Current 

It 

- 

0.5 

■ 

mA 

Discharge Leakage Current 

Idis 

- 

- 

250 

nA 

Reset Current - 

Ir 


0.1 


mA 

Threshoid Current (Note 3) 

*th 


- 

1-0 

mA 

Output Voltage Low 

Vql 




V 

(Vcc = 14 V) 






Uink “10 tnA 




0.35 


•sink = 50 mA 




1.0 


Uink ~ 100 mA 




3.5 


Uink “ 200 mA 




- 


Output Voltage High 

Vqh 




V 

^Uource ” 25 mA) 






Vcc = 14 V 


12.75 

13.3 

- 


Vcc = 5.0 V 


2.75 

3.3 

- 


Rise Time of Output 

tOLH 

- 

100 

- 

ns 

Fall Time of Output 

toHL 

- 

100 

- 

n$ 


NOTES: 

1. Supply current when output is high is typically 1.0 mA less. S.This will determine the maximum value of R/\ + Rg for 15 V operation. 

2. Tested at Vqq = 5.0 V and Vcc = 14 V. The maximum total R = 20 megohms. 


FIGURE 2 - DC TEST CIRCUIT FIGURE 3 - AC TEST CIRCUIT 



Notes: 

Vcc ~ Supply Voltage: 5.0 V < Vqq < 14 V 'Range 
Vs ” Switching Voltage: 1.4 V ^ Vs < 11.0 V Range 

When Vs > 2/3 Vqq, Vq is low ^ 0 at Rl = 

When Vs ^ 1/3 Vqq, Vq is high ^ Vqc at R^ = 

Vr = Reset Voltage: Vr = 0.4 V or 1.0 V during Reset Test 
During other tests. Pin 4 tied to Vqq. 




MOTOROLA Semiconductor Products 


Inc. 
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MCI 422 



GENERAL INFORMATION 


The I\/1C1422 is a monolithic timing circuit similar in 
performance and function to the MCI455 timer. It can 
be used in both the astable and monOstable modes with 
frequency and cjuty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the 
external passive components, the monolithic circuit pro¬ 
vides the starting circuit, voltage comparison and other 
functions needed for a complete timing circuit. Internal 
to the integrated circuit are two comparators, one for the 
input signal and the other for capacitor voltage; also a 
flip-flop and digital output are offered. The reference 
voltage of the trigger cornparator is a fixed ratio of the 
supply voltage while the reference voltage of the threshold 
comparator is completely adjustable. 

The MCI 422 offers a completely independent variable 
threshold terminal. This feature allows it to be used as a 
modulation terminal as well as a synchronization terminal 
giving an additional degree of freedom in circuit design. 
The reference voltage pin (pin 5) for the threshold com¬ 
parator is completely adjustable. 

A reset pin is provided to discharge the capacitor thus 
interrupting the timing cycle. As long as the reset pin is 
low, the capacitor discharge transistor is turned "on" and 
prevents the capacitor from charging. While the reset volt¬ 


age is applied the digital output will remain low. The reset 
pin should be tied to the supply voltage when not in use. 

Monostable Mode 

In the monostable mode, a capacitor and a single resis¬ 
tor are used for the timing network. Both the threshold 
and the discharge transistor terminal are connected to¬ 
gether in this mode, refer to circuit Figure 14, When the 
input voltage to the trigger comparator falls below 1/3 
Vcc 11^6 comparator output triggers the flip-flop so that 
it's output sets low. This turns the capacitor discharge 
transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an 
exponential rate which is set by the RC time constant. 
When the capacitor voltage reaches the external reference 
voltage the threshold comparator resets the flip-flop. This 
discharges the timing capacitor and returns the digital out¬ 
put to the low state. Opce the flip-flop has been triggered 
by an input signal, it cannot be retriggered until the 
present timing period has been completed. Tbe time that 
the output is high is given by the equation t = 1.1 Ra C. 
Various combinations of R and C and their associated 
times are shown in Figure 15. The trigger pulse width 
must be less than the timing period. 


MOTOROLA Semiconductor Products Inc. 
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FIGURE 14 - MONOSTABLE CIRCUIT 


+Vcc (5 to 15 V) 



1 

2 

7 

1 

Trigger 



MC1422 

__o —1 

i_ 

3 

Threshold “ 


Output 


L 

L - 1- 

° j 


1 -Variable 0.01 

1 

Threshold 1 


“ Control Vqq2 



APPLICATIONS INFORMATION 


In general, the MC1422 can be used in any application 
where the MC1455/NE555 is currently being used as long 
as an external reference is supplied. {Refer to l\/IC1455 
data sheet for these applications.) The applications listed 
below are unique to the l\/IC1422 and its design. 

Zero Crossing Cycler 

This circuit (see Figure 15) is most useful where it is 
necessary to cycle a thyristor at some frequency and duty 
cycle at line zero crossing only. This cycling at zero cross¬ 
ing only will reduce EMI, and current surges if capacitive 
loads are used. 

Circuit Description 

In order to have exact zero crossing cycling a phase 
shift network (R3)(C2) is used. Diodes Cri and Cr2 


the line voltage to V- and V-t. This limited line voltage, 
which appears somewhat like a square wave, is used as a 
sync pulse when differentiated by Cl and attenuated to 
1/3 by R1 and R2. Cycle time is dependent on R4 and 
C3. The duty cycle is set by potentiometer R4. 

It should be noted that this zero crossing cycler is in¬ 
tended for low frequency cycling, much lower than the 
line frequency used. 


I 

Tcycle “ 0-69 (R4)(C3) or fcycle “ (R4j(C3) 


FIGURE 15 - ZERO CROSSING CYCLER 




rn_i 

Period « 5 seconds 
Duty Cycle Range 
•8% to 99% 


All Resistors 1/4 W 

V+ to V- is 5 V to 14 V floating supply 


MOTOROLA Semiconductor Products Inc, 












FIGURE 17 - PULSE WIDTH MODULATOR WAVEFORMS 



Modulation Input 5 V/Div. 


Vc 3 Ramp 5 V/DIv 


PWM Input 10 V/Di' 


PWM Output 10 V/DIv. 


Hor. = 0.5 ms/Oiv. 


Pulse Width Modulator 

The MC1422 is used as a pulse width modulator 
(PWM) with the MC1,455 being utilized as an astable. 
The MCI422 can be used as an astable in place of the 
MC1455 if an external reference of approximately 2/3 
Vcc is •Jsed at Pin 5. 

The transistors Q1 and Q2 are configured as a current 
mirror to provide a linear voltage ramp across C3. This 
constant current scheme attributes a relatively linear 
transfer characteristic for the pulse width modulator. 

Several considerations must be made when using this 
circuit. 

1. The minimum duty cycle out is limited to the com¬ 
plement of the input signal, (i.e., a 95% duty cycle 
astable driving the PWM will give a minimum duty 
cycle output of — 5%.) 

The maximum duty cycle out will also be limited 
to the maximum duty cycle in. 


2. For the astable frequency: 

1.44 

f ^ 1/T== TTT— 

(R1 + 2R2)C 

3. Duty cycle (D.C.) for the astable: 

R2 

DC=-— 

Ri+2R2 

For best results the charge time of C3 in the pulse 
width modulator should be equal to the period of 
the astable. 


C3 (Vcc-1) 


1, . Vcc-Vbe 

'Qi“iQ2—S3— 


Vcc “10 V linearity typically 3% modulation input 
from 2 volts to 8 volts. 


MOTOROLA Semiconductor Products Inc. 
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Voltage Controlled Oscillator 

The VCO circuit, which has a' nonlinear transfer charac¬ 
teristic will operate satisfactorily up to 200 kHz. The 
VCO input range is effective from 1/3 Vqc fo ^CC - 2 V, 
with the highest control voltage producing the lowest out¬ 
put frequency. The equation for the frequency is; 


V5-1/3VCC V5-1/3VCC 

In (1-—^^;^-^^^)(R1+R2)C1-Hn(-)R2C1 


V5 = VCO input control voltage 

It should be noted that, the output duty cycle will vary 
somewhat over the VCO input control range. 


FIGURE 18 - VOLTAGE CONTROLLED OSCILLATOR 


Vcc 5 0 V - 14 V 


VCO Input >-O- 

(Input Range 1/3 Vcc 

to Vcq) 



Vcc 5.0 V - 14 V 


Comparator with Time Out 

The MCI422 is used as a comparator with the capa¬ 
bility of a timing output pulse when the inverting input 
(Pin 6) is > the non-inverting input (Pin 5). The frequency 
of the pulses for the values of R2 and Cl as shown in 
Figure 19 is approximately 2.0 Hz, and the pulse width 
0.3 ms, fp = frequency of pu|ses while Pin 6 voltage is 
above voltage at Pin 5. 

The function of R1 is to limit di/dt, when charging Gl. 


^P"r 2C1 ■'■p "'^2C1 


Comparator 

input 



1-1-1 

0 1 


IVIC1422 

R1<27 1 

+ 

j 

-0-1 ^ 270 k| 



rScRi 1 


1N4001 Output 


^ref - 

Comparator Input—— - —■ 
Comparator Output - 0 


Vcc 5.0 V - 14 V 


Schmitt Trigger 

The MCI422 isvery useful asa Schmitt Trigger as shown 
in Figure 20. The lower trigger point is fixed at 1/3 VcC- 
but the upper trigger point is adjustable by means of Pin 5 
from 1/3 Vcc to slightly less than VcC- The Schmitt 
trigger will operate with input frequencies up to 50 kHz. 



Upper Trigger ” 

Point Control 

(Input Range 1/3 Vqc ^CC^ 
Note: Lower Trigger Point is 
fixed at 1/3 Vcc* 


MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1438R 

0°C to -(-70°C 

Metal Power 

MC1538R 

-SS^C to -t-IES^C 

Metal Power 


POWER BOOSTER 

The MCI 538/MCI 438 is designed as a high current gain amplifier 
(70 dB), with unity voltage gain that can deliver load currents up to 
±300 mAdc. This device is Ideally suited to follow an operational 
amplifier (such as MC1556/MC1456) for driving low impedance loads 
and improving the overall circuit performance. 


• High Input Impedance — 0.4 Meg-Ohm typ — when driving the 

MCI 538/MCI 438, the gain of an operational amplifier will 
approach the unloaded open-loop gain. Internal power dissipa¬ 
tion of the operational amplifier will be independent of output 
voltage and therefore thermal drift will be reduced. 

• Large Power Bandwidth — 1.5 MHz typ — considerably better than 

present operational amplifiers. Bandwidth and slew rate will be 
limited by the operational amplifier, not the MC1538/MC1438. 

• Low Output impedance — 10 Ohms typ — allows the MCI538/ 

MCI438 to drive a capacitive load with greatly reduced phase 
shift compared with an operational amplifier. Output voltage 
swing capability is much increased when driving small load ini- 
pedances. 

• Adjustable Current Limit — ±5.0 mAdc to ±300 mAdc 

• Excellent Power-Supply Rejection - 1.0 mV/V typ 

• Current Gain - 3000 typ 


MG1438R 

MCISSSR 


OPERATIONAL AMPLIFIERS 
POWER BOOSTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



TYPICAL APPLICATIONS 



DIGITAL OR ANALOG LINE DRIVER 



SERVO/POWER AMPLIFIER 

RB 10k .{. 




Under soma conditions of circuit layout and loading, the MC1538R/MC1438R will o^iltatt when driven into current limiting. Oscillation during 
positive current limiting can usually be suppres»d by placing a 0.02 pF capacitor between Pins 7 and 5. Oscillations during negative current limit 
can usually be suppressed by placing a 0.O2 pF capacitor between Pins 1 and 2. 100 Ohms in series with this capacitor will reduce any cross-over 
distortion occurring when driving extremely low impedance loads. 
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MC1438R, MC1538R 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


Rating 

Symbol 

MC1S38R 

MC1438R 

Unit 

Power Supply Voltage 

VcC 

+22 

+18 

Vdc 


Vee 

-22 

-18 


Input Voltage Swing 

tVinI 

Vcc or Vee 

Vdc 

Load Current 

'L ' 

350 

mAdc 

Power Dissipation @ T/\ = +25°C 

Pd 

3.0 

Watts 

Derate above T/\ =+25°C 

1/R0JA 

24 

mW/°C 

Power Dissipation @ Tq = +25°C 

Pd 

17.5 

Watts 

Derate above Tq = +25°C 


140 

mW/°C 

Operating Ambient Temperature Range MC1438R 

Ta 

0 to + 70 

°C 

MC1538R 


-55 to +125 


Operating and Storage Junction Temperature Range 

3‘j,Tstg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Ambient 

ReJA 

41.6 


Thermal Resistance, Junction to Case 

Rejc 

7.15 



ELECTRICAL CHARACTERISTICS 

(R L = 300 ohms, Tq = +25°C unless otherwise noted.) 



MC1538R 

1 MC1438R 1 


5.0V<Vcc= IVeeI<20V 

[ Vcc=+15 V,Vee = 

-15 V I 

Characteristic (Linear Operation) 

Fig 

Note 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

SSI 

lom 

Voltage Gain (f = 1.0 kHz) 

1 

- 

Av 

0.9 

0.95 

1.0 

0.85 

0.95 

1.0 

v/v 

Current Gain (A| = AIq/AIi) 

1 

- 

A| 

- 

3000 

- 

- 

3000 


A/A 

Output Impedance (f =1.0 kHz) 

1 

- 

Zo 

- 

10 

■ - 

- 

10 

- 

Ohms 

Input Impedance (f = 1.0 kHz) 

1 

- 

Zi 

- 

400 

- 

- 

400 

- 

k ohms 

Output Voltage Swing (See Note 3) 

1 

3 

Vo 

±12 

±13 


±11 

±12 

- 

wm 


2 

- 

i|B 

- 

60 

200 

- 

60 


E&E9 

Output Offset Voltage 

2 

1 

O 

> 

- 

25 

150 

- 

25 

200 

mVdc 

Small Signal Bandwidth 

1 

- 

BW 

■nil 



■jimn 


jjm 


(Rl_ = 300 ohms) 





8.0 

- 


8.0 


MHz 

(V| = 0 Vdc, V| = 100 mV[rms] ) 









H 


Power Bandwidth (See Note 3) 

1 

- 

BWp 








(Vo= 20 Vp.p,THD = 5%) 




- 

1.5 

- 

- 

1.5 


MHz 

Total Harmonic Distortion (Note 3) 

1 

- 

THD 








(f = 1.0 kHz, Vo = 20Vp.p) 




- 

0.5 

, - 

- 

0.5 

- 

% 

Output Short-Circuit Current 



■os 







mAdc 

(Rl = R2 = «>) 

3 

2 


75 

95 

125 

65 

95 

140 


(Rl = R2= 3.3, ohms) 

3 



- 

300 

- 

- 

300 

- 


Adjustable Range 

4,5 



- 

5.0 to 3(X) 

-■ 


5.0 to 300 

- 


Power Supply Sensitivity 

2 

- 

PSRR 

■mm 





i^m 

mV/V 

(VgE constant) 





1.0 

- 


1.0 



( Vcc constant) 





1.0 

■ - 


1.0 

H 


Power Supply Current 

2 

- 

•cc 


6.0 

10 

2.5" 


15 

mAdc 

(RL“,V|=0) 



•ee 

■n 




mm 



Power Oissipation,(See Note 3) 

2 

3 

Pc 

150 

180 

300 

75 

180 

450 

mW 

(Rl»,V| = 0) 




/ 

■i 







Note 1. Output offset Voltage is the quiescetit dc output voltage with the input grounded. 

Note 2. Short-Circuit Current, lsc> is adjustable by varying Rl, R2, R3 and R4. The positive current limit is set by R1 or R3, and 

the negative current limit is set by R2 or R4. See Figures 4 and 5 for curves of short-circuit current versus Rl, R2, R3 and R4, 
Note 3. V(;c =+15 V, VgE =-15 V. 
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Voo. OUTPUT OFFSET VOLTAGE (mVdc) Vq, OUTPUT VOLTAGE (Vdc) ICC, lEE POWER SUPPLY CURRENT (mAdc) 



















V|, INPUT VOLTAGE OR 
Vo, OUTPUT VOLTAGE (VOLTS) 


MC1438R,IVIC1538R 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15Vdc,VgE = -15 Vdc, = +25°C unless otherwise noted.) 



0 200 400 600 800 1000 



1.0 2.0 5.0 10 20 30 40 50 


t.TIME (ns) 


Vcc -V7 0RV2-Vee (Vdc) 


TYPICAL APPLICATIONS 

FIGURE 14 - NON-INVERTIIMG AC POWER AMPLIFIER FIGURE 15 - NOIM-IIVIVERTING POWER AMPLIFIER 




FIGURE 16 - NOIM-INVERTING VOLTAGE FOLLOWER 


FIGURE 17 - INVERTING POWER AMPLIFIER 
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IVIG1438R, MC1438R 


TYPICAL APPLICATIONS (continued) 


FIGURE 18 - PROGRAMMABLE VOLTAGE SOURCE 



FIGURE 19 - CONSTANT CURRENT SOURCE 

OR traNsconductance amplifier 

Rb 



figure 20 - signal distribution 


FIGURE 21 - ASTABLE MULTIVIBRATOR 





FIGURE 22 - WIEN BRIDGE OSCILLATOR 



1. fo=—^-from 0.01 Hz to 10 kHz }|. ios“ 200 mA 

2ffroCo 
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ORDERING INFORMATION 


Device Temperature Range 


MC1445F 

MC1445G 

MC1445L 

MC1545F 

MC1545G 

MC1545L 


0°C to +75°C 
O^C to +75'’C 
O^C to +75°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125'’C 


Package 


Ceramic Flat 
Metal Can 
Ceramic DIP 
Ceramic Flat 
Metal Can 
Ceramic DIP 


GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

. . . designed for use as a general-purpose gated wideband-amplifier, 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN475 and AN491 for design details. 

• Large Bandwidth; 50 MHz typical 

• Channel-Select Time of 20 ns typical 

• Differential Inputs and Differential Output 


A 

1 

IC1445 

lltKAC 

||H 



GATE CONTROLLED 
TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


TYPICAL APPLICATIONS 
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MC1445, MC1545 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+ 12 

Vdc 


vee 

-12 

Vdc 

Input Differential Voltage Range 

V|DR 

±5.0 

Volts 

Load Current 

IL 

25 

mA 

Power Dissipation (Package Limitation) 

Pd 



Flat Package 


500 

mW 

Derate above = +25°C 


3.3 

mW/°C 

Ceramic Dual In-Line Package 


625 

mW 

Derate above Ta = +25°C 


5.0 

mW/°C 

Metal Can 


680 

m\N 

Derate above = +25°C 


4.6 

m\Nj°C 

Operating Ambient Temperature Range MC1445 

Ta 

0 to +75 

°C 

MCI545 


-55 to +125 


Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Vee = 5.0 Vdc, at T/:^ = +25°C, specifications apply to both input channels 

unless otherwise-noted.) 





MCI 545 

MC1445 1 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Single-Ended Voltage Gain 

1,12 

Avs 

16 

19 

21 

16 

19.5 

23 

dB 

Bandwidth 

1,12 

BW 

45 

50 

- 

- 

50 

-■ 

MHz 

Input Impedance 

5,14 


4.0 

10 

- 

3.0 

10 

- 

k ohms 

(f=50kHz) 










Output Impedance 

6,15 

Zo 

- 

25 

gH 

- 

25 

- 

Ohms 

(f=50kHz) ' 










Output Differential Voltage Range 

4,13 

VODR 

1.5 


- 

1.5 

2.5 

- 

Vp-p 

(R L = 1.0 k ohm, f = 50 kHz) 




mtm 






Input Bias Current 

16 

'IB 

- 

15 

25 

- 

15 

30 

>tAdc 

Inpui^Offset Current 

16 

•lO 

- 

2.0 

- 


2.0 

- 

MAdc 

Input Offset Voltage 

17 

V|0 

- 

1.0 

5.0 

- 

- 

7.5 

mVdc 

Quiescent Output dc Level 

17 

Vo 

- 

0.2 


- 

0.2 

- 


Output dc Level Change 

17 

AVo 

- 

■SOI 

- 

- 

±15 

- 

mV 

(Gate Input Voltage Change: +5.0 V to 0 V) 




nmn 






Common-Mode Rejection Ratio 

9,18 

CMRR 

- 

85 

- 

- 

85 

■mn 

dB 

(f = 50kHz) 










Input Common-Mode Voltage Range 

18 

ViCR 

- 

±2.5 

- 

- 

±2.5 

■ - 

Vp 

Gate Characteristics 

8 

V|L{G) 

0.45 

0.70 

- 

0.2 

0.4 

- 

Vdc 

Gate Input Voltage — Low Logic State (Note 1) 









Gate Input Voltage — High Logic State (Note 2) 


V)H(G) 

- 

1.5 

2.2 

- 

1.3 

3.0 


Gate Input Current — Low Logic State 

18 

'lL(G) 

- 

- 

2.5 

- 

- 

4.0 

mA 

(V|l(G)=0V) 










Gate Input Current — High Logic State 

18 

'IH(G) 

- 

- 

2.0 


- 

4.0 

mA 

IV|h(G) =+5.0 V) 






■HI 




Step Response 

19 

fPLH 

___ 

6.5 

■■ 


6.5 

■■■ 

ns 

(ejn = 20 mV) 


IPHL 


6.3 

mm 


6.3 





fTLH 


6.5 



6.5 





iTHL 

mBiiiiiii 

7.0 

■B 


7.0 



Wideband Input Noise 

10,20 

en 

- ' 

25 

- 

■ - 

25 

- 

AV(rms) 

(5.0 Hz - 10 MHz, Rs = 50 ohms) 










DC Power Consumption 

11,20 

Pc 

- 

70 

110 

- 

70 

150 

mW 


Note 1. V|L(G) is the gate voltage which results in channel A gain of unity or less and channel B gain of 16 dB or greater. 
Note 2. V|H(G) is the gate voltage which results in channel 6 gain of unity or less and channel A gain of 16 dB or greater. 
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MC1445 , MC1545 


FIGURE 1-SINGLE-ENDED 

VOLTAGE GAIN versus FREQUENCY 

FIGURE 2 - single-ended 
VOLTAGE GAIN versus TEMPERATURE 


f, FREQUENCY (MHz) 

FIGURE 3 - VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGES 


Ta, TEMPERATURE (“C) 

FIGURE 4 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


Vcc. Vee, power supply voltage (Vdc) 

FIGURE 5 - INPUT Cp AND Rp versus FREQUENCY 
(BOTH CHANNELS) 


RL, LOAD RESISTANCE (k OHMS) 

FIGURE 6 - OUTPUT IMPEDANCE versus FREQUENCY 
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CMRR, COMMON-MODE REJECTION RATIO (dS> CHANNEL SEPARATION (dB) 


MC1445, MC1545 


FIGURE 7 - CHANNEL SEPARATION versus FREQUENCY FIGURE 8 - GATE CHARACTERISTICS 




FIGURE 9 - COMMON MODE 
REJECTION RATIO versus FREQUENCE 


FIGURE 10 - INPUT WIDEBAND NOISE 
versus SOURCE RESISTANCE 




0.01 0.1 1.0 10 100 10 100 1.0 k 10 k 100 k 


I, FREQUENCY (MHz) 

FIGURE 11 - CIRCUIT SCHEMATIC 


RS, SOURCE RESISTANCE (OHMS) 

FIGURE 12 - SINGLE-ENDED VOLTAGE GAIN AND 
BANDWIDTH TEST CIRCUIT 



Signal 

Generator 

20 mV(rms) 
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MC1445 , MC1545 


FIGURE 13 - OUTPUT VOLTAGE SWING TEST CIRCUIT FIGURE 14 - INPUT IMPEDANCE TEST CIRCUIT 



FIGURE 15 - OUTPUT IMPEDANCE TEST CIRCUIT FIGURE 16 - INPUT BIAS CURRENT AND INPUT 

OFFSET CURRENT TEST CIRCUIT 



FIGURE 17 - INPUT OFFSET VOLTAGE AND QUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 


FIGURE 18 - GATE CURRENT (HIGH AND LOW), 
COMMON-MODE REJECTION AND 
COMMON MODE INPUT RANGE TEST CIRCUIT 


-5.0 V 
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MCI445, MCI545 


FIGURE 19 - PROPAGATION DELAY AND RISE AND 
FALL TIMES TEST CIRCUIT 


FIGURE 20 - POWER DISSIPATION AND WIDEBAND 
INPUT NOISE TEST CIRCUIT 



FIGURE 21 - LIMITING CHARACTERISTIC 




V ,, SINGLE-ENDED INPUT VOLTAGE (mVp-p) 
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ORDERING INFORMATION 



MC1550 


RF - IF AMPLIFIER 
SILICON monolithic 
INTEGRATED CIRCUIT 


RF^ IF AMPLIFIER 


... a versatile,common-emitter,common-base cascode 
circuit for use in communications applications. See 
Application Note AN-215A for additional information. 


• Constant Input Impedance over entire AGC range ■ 

• Extremely Low yj 2 —4.3/umhosat60 MHz 

• High Power Gain - 30 dB @ 60 MHz (0.5 MHz BW) 

• Good Noise Figure — 5 dB @ 60 MHz 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating Symbol 


Power Supply Voltage, Pin 9 | ^CC 


AGC Supply Voltage 


Input Differential Voltage, Pin 1 to Pin 4 
(Rs = 500 ohms) 


Power Dissipation (Package Limitation) 
Metal Can 

Derate above Ta = ■t25°C 
Flat Package 

Derate above Ta = ■^25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 


CIRCUIT SCHEMATIC 




1- 

-^-!j 

9 1 o 

1 d 

1 5 

> 1 ■ 
;i8k,’ ^-j_o 

1 , 


[_k; Si, ! 



i R2j 
1 

>3k 

h——^- 

S i 

—^—r Q.i 1 


CIRCUIT DESCRIPTION 

The MC1550 is built with jtionoljthic fabrication techniques 
utilizing diffused resistors and small-geometry transistors. 
Excellent AGC performance is obtained by shunting the signal 
through the AGC transistor Qi maintaining the operating point 
of the input transistor Q,. This keeps the input impedance 
constant over the entire AGC range.. 

The amplifier is intended to be used in a common-emitter, 
common-base configuration (Q, and.Qj) with Q, acting as an 
AGC transistor. The input signal is applied between pins 1 and 
4, where pin 4 Is ac-coUpled to ground. DC source resistance 
between pins 1 and 4 should be small (less than 100 ohms). 
Pins 2 and 3 should be connected together and grounded. Pins 
8 and 10 should be bypassed to ground. The positive supply 
voltage is applied at pin 9 and at. higher frequencies, pin 9 
should also be bypassed to ground. The output is taken be¬ 
tween pins 6 and 9. The substrate is connected to pin 7 and 
should be grounded. AGC voltage is applied to pin 5. 
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ELECTRICAL CHARACTERISTICS (V+ = +6 Vdc, Ta = +25°C) 


1 

Characteristic 

Conditions 

DC CHARACTERISTICS 

Output Voltage 

VaGC = 0 Vdc 

Vagc = 

Test Voltage 

^AGC “ ® 

VaGC = Vdc 

Supply Drain Current 

VaGC = 0 Vdc 

VaGC = Vdc 

AGC Supply Drain Current 

VaGC “ 0 Vdc 

VagC = Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Smalt-Signal Voltage Gain 

f = 500 kHz 

Bandwidth 

-3.0 dB 

Transducer Power Gain 

f = 60MHz, BW = 6MH2 
f = 100 MHz, BW = 6 MHz 


Figure Syrhbol 


Cl, Cj and Cj = 0.001 fiF 
C4andC5 = 0.1 uf 


Vcc= 6 V 
Vagc = 0V 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 5 - INPUT RESISTANCE AND CAPACITANCE 
versus FREQUENCY 
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FIGURE 6 - INPUT RESISTANCE AND 
CAPACITANCE versus AGC VOLTAGE 


f, FREQUENCY (MHz) 


Vagc. AGC VOLTAGE (VOLTS) 


FIGURE 7 - OUTPUT RESISTANCE AND CAPACITANCE 
versus FREQUENCY 
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FIGURE 8 - OUTPUT RESISTANCE AND 
CAPACITANCE versus AGC VOLTAGE 




f, FREQUENCY (MHz) 


Vagc, AGC VOLTAGE (VOLTS) 


FIGURE 9 - MAXIMUMTRANSDUCER POWER GAIN 
versus FREQUENCY 


FIGURE 10 - TRANSDUCER POWER GAIN 
versus TEMPERATURE 


50 100 200 500 1000 

f, FREQUENCY (MHz) 


-55 -40 -20 


+20 +40 +60 +80 +100 + 

Ta, ambient TEMPERATURE ('’0 


MOTOROLA Semiconductor Rrodiucts Inc. 
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OUTPUT CAPACITANCE (pF) Ci„, INPUT CAPACITANCE (pF) 































Y 21 , FORWARD-TRANSFER ADMITTANCE (mmhos) NOISE FIGURE(dB) Ap, TRANSDUCER POWER GAIN IdBl 
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y 22 . OUTPUT-ADMITTANCE (mmhos) ^ V 12 , REVERSE TRANSFER-ADMITTANCE Ojmhos) 


MC1550 


TYPICAL CHARACTERISTICS 

(Vcc = B.OVdc, = +25°C unless otherwise noted.) 


FIGURE 16-yi2, reverse TRANSFER-ADMITTANCE 
versus FREQUENCY 



1.0 3.0 6.0 10 30 60 1Q0 


f, FREQUENCY (MHz) 


FIGURE 17-vii.INPUT-ADMITTANCEversus FREQUENCY 



1.0 3.0 6.0 10 30 60 100 

(.FREQUENCY (MHz) 


FIGURE 19 - SI t AND S22- INPUT AND OUTPUT 
REFLECTION COEFFICIENT 


The yt2 shown in Figure 16 Illustrates the extremely low feedback of the MC1S50 
with no contribution from the external mounting circuitry. However, in many 
cases the external circuitry may contribute as much or more to the total feedback 
than doesthe MC15S0. 

To perform more accurate design calcuiations of gain, stability, and input - output 
impedarices it is recommended that the designer first determine the total feed¬ 
back of device plus circuitry. 

This can be done in one of two ways: 

(1) Measure the total yi2 or si2 of the MCIS50 installed in its mounting 
circuitry, or 

(2) Measure the yf 2 of the circuitry alone (without the MC1550 instalied) and 
add the circuit yi2 to theyi2 for the MCI 660 given in Figure 16. 


CURE 18-V 22 . OUTPUT-ADMITTANCE versus FREQUENCY 



f, FREQUENCY (MHz) 



MOTOROLA 


Semiconductor Rroducts Inc. 










SII .MAGNITUDE OF INPUT 
REFLECTION COEFFICIENT 



021 , ANGLE OF OUTPUT REFLECTION 
COEFFICIENT (OEGREES) 




















MC1552G 

MC1553G 


Temperature Range 


-55°C to +125°C 
-55°C to +125°C 


Package 


Metal Can 
Metal Can 


MC1552G 

MC1553G 


VIDEO AMPLIFIERS 


These devices consist of a three-stage, direct-coupled, common- 
emitter cascade incorporating series feedback to achieve stable 
voltage gain, low distortion, and wide bandwidth. They employ a 
temperature-compensated dc feedback loop to stabilize the operating 
point and a current-biased emitter follower output and are intended 
for use as either wide-band linear amplifiers or as fast rise pulse 
amplifiers. 


• High Gain-34 dB± 1 dB (MC1552) 

52dB± 1 dB {MC1553) 

• Wide Bandwidth - 40 MHz (MCI 552) 

35MHz (MC1553) , 

• Low Distortion — 0.2% at 200 kHz 

• Low Temperature Drift - ±0.002 dB/°C 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


HIGH FREQUENCY 
VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


CASE 603B 
METAL PACKAGE 



PIN CONNECTIONS 


Rating 


Power Supply Voltage, Pin 9 


Input Differential Voltage, Pin 1 to Pin 2 
(Rs = 500 ohrns) 


Power Dissipation (Package Limitation) 
Derate above T/s, = +25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 


Symbol Valu 


Vec 9.0 


V|D 1-0 




gj Output Gnd 


Ext, 

Capacitor 







































ELECTRICAL CHARACTERISTICS (Unless otherwise noted, T/^ = 25®C, V^q = 6.0 V and specification applies for all 
Gain Selection options. 


Voltage Gain 

(Gain Option = 50) 
(Gain Option = 1001 
(Gain Option = 200) 
(Gain Option = 400) 
-55°C < Ta < 125“C 
(Gain Option = 50) 
(Gain Option = 100) 
(Gain Option = 200) 
(Gain Option = 400) 


Voltage Gain Variation 
(-55°C <Ta < 125°C) 


Small-Signal Bandwidth 
(Gain Option = 50) 
(Gain Option = 100) 
(Gain Option = 200) 
(Gain Option = 400) 


Input Impedance 

(f = 100 kHz, Rl = TO kn) 


Output Impedance 

(f = 100 kHz. Rg = 50 f2) 


DC Output Voltage 

(-55°C < Ta < 125°C) 


DC Output Voltage Variation 
(-55°C <Ta < 125°C) 


Output Voltage Range (z^ < 10 kn. Cj * 100 mV rms) 
(-55 °C<Ta< 125^0 


Power Supply Current 

(-55^0 <Ta < 125^0___ 


Propagation Delay Time 
(Gain Option * 50) 
(Gain Option “ 100) 
(Gain Option = 200) 
(Gain Option = 400) 


Transition (Rise) Time 
(Gain Option » 50) 
(Gain Option = 100) 
(Gain Option “ 200) 
(Gain Option - 400) 


Overshoot 


Noise Figure 

(Rg = 400 n, fo = 30 MHzBW = 3.0 MHz) (See Figure 14) 


Total Harmonic Distortion 

(Vo*2.0 Vp-p, f = 200kHz, Rl= I.Okfi) 




1. Ground Pin 6 as close to package as possible to minimize 
overshoot. Best results are usually obtained by directly 
grounding the package. 

2. If large input and output coupling capacitors are used, 
place a shield between them to avoid input-output coupling. 

3. A high-frequency capacitor must always be used to by¬ 
pass the power supply. This capacitor should be as close to 
the circuit as possible. 

4. Voltage gain can be adjusted to any value between 50 and 
.3000 by connecting an external resistor from Pin 4 to ground 
on MC1 552, or from Pin 3 to ground on MCI553, as shown in 


Figure 8. Under these conditions, the following equations 
must be used to determine Cl and C2 rather than the circuits 
shown in Figure 5. 


c: 

Fig, 5c Cl --^ Farads 

27rfr(1.5 X 10'») 


2rrfc(3 X lO^) 


■ 



100 I Ground Pin 3 
200 Connect Pin 3 1 


MOTOROLA Semiconductfir Products Inc. 
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MC1552G,MC1553G 
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ORDERING INFORMATION 


Device' 

Temperature Range 

Package 

MC1454G 

O'C to +70°C 

Metal Can 

MC1554G 

-55°C to -i-125‘’C 

Metal Can 


MC1454G 

MC1554G 


1-WATT POWER AMPLIFIERS 


1-WATT 

POWER AMPLIFIER 
INTEGRATED CIRCUIT 


. . . designed to amplify signals to 300-kHz with 
1-Watt delivered to a direct coupled or capac- 
itively coupled load. 


• Low Total Harmonic Distortion - 0.4% (Typ) @ 1 Watt 

• Low Output Impedance — 0.2 Ohm 

• Excellent Gain — Temperature Stability 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 



VOLTAGE GAIN versus FREQUENCY (Rl » 16 OHMS) 



























ELECTRICAL CHARACTERISTICS (Tq = +250C unless otherwise noted) 
Frequency compensation shown in Figures 6 and 7. 


Rl, Gain 

Figure (Ohms) Option* Symbol 


MC1554 

{-5Sto+125“C) 


MC1454 
(0 to +70°C) 



Output Power (for eout<5.0% THD) 


Power Dissipation (@Pout = 1-0 W) 


Voltage Gain 


Input Impedance 


Output Impedance 


Power Bandwidth 
(foreout<5-0%THD) 


Total Harmonic Distortion 
(for ein<0.05%THD, f = 20 Hz 
to 20 kHz) 

out = 1-0 Watt (sinewave) 
out ” 0-^ (sinewave) 


Zero Signal Current .Drain 


Output Noise Voltage 


Output Quiescent Voltage 
(Split Supply Operation) 


Positive Supply Sensitivity 
(VeE constant) 


Negative Supply Sensitivity 
(Vcc constant) 


*To obtain the voltage gain characteristic desired, use the following pin connections; Voltage Gain Pin Connection 

10 Pins 2 and 4 open, Pin 5 to ac ground 

18 Pins 2 and 6 open. Pin 4 to ac ground 

36 Pin 2 connected to Pin 5, Pin 4 to ac ground 


Characteristic Definitions 
(Linear Operation) 



e... 





10 ^ V„ (del 





MOTOROLA Semicondiuctor Rroducts Inc. 
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MAXIMUiyi RATINGS (Tc = +25°C unless otherwise noted) 


Rating 


Total Power Supply Voltage 


Peak Load Current 


Audio Output Power 


Power Dissipation (package limitation) 
Ta = +25°C 

Derate above 25°C 
Tc = +25°C 

Derate above 25°C 


Operating Temperature Range MC1454 


Storage Temperature Range 


Symbol 


IVccI + IVeeI 



TYPICAL CONNECTIONS 

FIGURE 6 - SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 - SINGLE SUPPLY OPERATION VOLTAGE 

GAIN (Av) = 10, f|,ow «25 Ha GAIN (Ay) = 10, fLOW*® 100 Hz 



RECOMMENDED OPERATING CONDITIONS 


In order to avoid local VHF instability, the following set of rules must be 
adhered to; 

1. An R-C stabilizing network (0.1 /tF in series with 10 ohms) should be 
placed directly from pin 9 to ground, as shown in Figures 6 and 7. using 
short leads, to eliminate local VHF instability caused by lead inductance 
to the load. 

2. Excessive lead inductance from the Vgc supply to pin 10 can cause high 
frequency instability. To prevent this, the VQgby-pass capacitor should 
be connected with short .leads from theVQcPm to ground. If this capaci¬ 
tor is remotely located a series R-C network (0.1 /iF and 10 ohms) should 
be used directly from pin 10 to ground as shown in Figures 6 and 7. 


3. Lead lengths from the external components to pins 7, 9, and 10 of the 
package should be as short as possible to insure good VHF grounding 
for these points. 

Due to the large bandwidth of the amplifier, coupling must be avoided be¬ 
tween the output and input leads. This can be assured by either (a) use of 
short leads which are well isolated, (b) narrow-banding the overall amplifier 
by placing a capacitor from pin 1 to ground to form a low-pass filter in com¬ 
bination with the source impedance, or (c) use of a shielded input cable. In 
applications which require upper band-edge control the input low-pass filter 
is recommended. 


TYPICAL CHARACTERISTICS 


FIGURE 8 - TOTAL HARMONIC DISTORTION 
versus LOAD RESISTANCE 

—I I I F-1-——————rTr; 

A^ = 36V/V 

^ ^ 7 -10% MAX POWER 0 UTPOT 

> k 90% MAX POWER OUTPUT 




FIGURE 9 - TOTAL HARMONIC DISTORTION 
* versus FREQUENCY 
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Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. br others. 


MOTOROLA Semiconffuctor Products Inc. 
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(dB) Ay. VOLTAGE GAIN (V/V) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 - VOLTAGE GAIN versus TEMPERATURE 


FIGURE 11 - OUTPUT VOLTAGE CHANGE 



0 25 50 75 

Tft, AMBIENT TEMPERATURE (“O 







-1- 

Rl= 16 0HMS 
Vcc'SVdc 
VEE'-8Vdc 
(Sue FiniiroRI 




















_ 



0 25 50 75 100 125 

Ta, ambient temperature (“0 


FIGURE 12 - VOLTAGE GAIN versus FREQUENCY (R^ ?<») 


A, = 36 V/V 
18 V/V 
10 V/V 



















ORDERING INFORMATION 



Specifications and Applications 
Information 


TIMING CIRCUIT 

The MCI 555/MCI455 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For astable'operation as an 
oscillator, the free running frequency and the duty cycle are both 
accurately controlled with two external resistors and one capacitor. 
The circuit may be triggered and reset on falling waveforms, and 
the output structure can source or sink up to 200 mA or drive 
MTTL circuits. 

• Direct Replacement for NE555/SE555 Timers 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0.005% per °C 

• Normally "On" or Normally "Off" Output 


FIGURE 1 - 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


t - 1.1; R.C » 22 s 1_ 

Time delay (t) is variable 
by changing R and C. (See 
Figure 16 .} 



FIGURE 2 - BLOCK DIAGRAM 





TYPICAL APPLICATIONS 

• Time Delay Generation • Precision Timing • Missing Pulse Detection 

• Sequential Timing • Pulse Generation • Pulse Width Modulation 

• Linear Sweep Generation • Pulse Shaping • Pulse Position Modulation 




























MC1455, MG1555 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


FIGURE 3 - GENERAL TEST CIRCUIT 



Rating 

Symbol 

Value 

Unit I 

Power Supply Voltage 

mam 

+ 18 


Discharge Current (Pin 7) 

HEH 

200 


Power Dissipation (Package 
Limitation) 

Metal Can 

Pd 

680 

mW 

Derate above Ta = +25°C 


4.6 

mW/Oc 

Plastic Dual In-Line Package 


625 

mW 

Derate above Ta = +25°C 


5.0 

mW/°C 


Operating Temperature 

Range (Ambient) MC1555 

_ l\/IC1455 

Storage Temperature Range I 


-55 to +125 
0 to +70 
-65 to +150 



VcC' Vq ' 
Vcc« Vq i! 

c). When Vq is low, pin 7 sink 
set Vq, high, apply Reset v 
flowing into pin 7, When F 


ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc " +5.0 V to +15 V unless otherwise noted.) 


MC1555 

Characteristics Symbol 


Supply Voltage 


Supply Current 

Vcc=5.0 V, Rl = «> 
Vcc= 15 V, Rl = “ 
Low State, (Note 1) 


Timing Error (Note 2) 

R = 1.0 kST to 100 kn 
Initial Accuracy C = 0.1 mF 
Drift with Temperature 
Drift with Supply Voltage 


Threshold Voltage 


Trigger Voltage 

Vec = 15V , 

Vcc = 5.0 V 


Trigger Current 


Reset Voltage 


Reset Current 


Threshold Current (Note .3) 


Control Voltage Level 
Vcc = 15 V 
Vcc = 5.0 V 


Optput Voltage Low 
(Vcc = 15 V) 

Isink ~ 10 mA 
•sink = 50 mA 
'sink =100 mA 
'sink “ 200 mA 
(Vcc = 5.0 V) 

'sitik ~ hnA 

•sink = 5.0 mA 


Output Voltage High 
••source = 2(X) mA) 
Vcc = 15 V 
• • sou rce ” 1hiA) 
Vcc= 15 V 
Vcc=5.0V 


Rise Time of Output 


Fall Time of Output 


NOTES: 

1. Supply current when output is high is typically 1.0 mA less. 

2. Tested at Vcc = 5.0 V and Vcc = 15 V. 3. This will determine the maximum v 

Monostable mode The maximum total R = 20 megohr 



Vqh 

■■ 



- 

12.5 


13 

13.3 


3.0 

3.3 



12.75 

2.75 

12.5 

13.3 

3.3 

- 

, 100 

- 

100 



3. This will determine the maximum value of Ra + Ftg for 15 V operation. 
The rnaxirnum total R = 20 rnegohms. 
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td, DELAY TIME NORMALIZED ^ Vql. (Vdc) PW, PULSEWIDTH (ns min) 


MC1455, MC1555 


TYPICAL CHARACTERISTICS 

(Ta = +25®C unless otherwise noted.) 


FIGURE 4 - TRIGGER PULSE WIDTH FIGURE 5 - SUPPLY CURRENT FIGURE 6 - HIGH OUTPUT VOLTAGE 


■■■ipill 


BiiumiPra 

BSB^Siil0 

aiiMMIII 

nUIBBSSil 
SiiifllBnil 



5.0 10 15 

Vcc. SUPPLY VOLTAGE (Vdc) 


-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, ambient temperature (“O 


0 0.1 0.2 0.3 ( 

VT(min). (VIINIMUM TRIGGER VOLTAGE 

















MC1455, IVIC1555 


FIGURE 13 - REPRESENTATIVE 
CIRCUIT SCHEMATIC 



GENERAL OPERATION 


The MC1555 is a monolithic timing circuit which uses as its 
timing elements an external resistor — capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing Is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com¬ 
plete timing circuit, internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com¬ 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providingoutput timing independent of supply voltage. 


Monostable Mode 

In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vqq the comparator output triggers 
the flip-flop so that it's output sets low. This turns the capacitor 
discharge transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex¬ 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vqq the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re¬ 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 


A reset pin is provided to discharge the capacitor thus inter¬ 
rupting the timing cycle. As long as the reset pin is low, the capaci¬ 
tor discharge transistor is turned "on" and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


FIGURE 14- MONOSTABLE CIRCUIT 


+ Vcc (5 to 15 V) 
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MCI455, MC1555 


GENERAL OPERATION (continued) 


FIGURE 15 - MONOSTABLE WAVEFORMS 



t = 50 pis/cm 

(Ra = 10 kn, C = 0.01 fiF. Rl = 1.0 kn , Vcc= 15 V) 


FIGURE 17 - ASTABLE CIRCUIT 




lOfis 100/.IS 1.0 ms 10 ms 100 ms 1.0 10 100 

td, TIME DELAY (s) 


Astable Mode 

In the astable mode the timer is connected so that it will 
retrig^r itself and cause the capacitor voltage to oscillate between 
1/3 Vcc and 2/3 Vcc- See Figure 17. 


The external capacitor charges to 2/3 Vgc through Ra and Rg 
and discharges to 1/3 Vcc through R 3 . By .varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: ti = 0.695 (Ra+^B^ ^ 

The discharge time (output low) by: t 2 = 0.695 (R 0 ) C 

Thus the total period is given by: T = ti + t 2 0.695 (Ra+2Rb) C 


1 1 44 

The frequency of oscillation is then: .f = — =- 

T (Ra+2Rb)C 

and may be easily found as shown in Figure 19. 

Rb 

The duty cycle is given by: DC = —-- 

Ra+2Rb 

To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum value of Ra is given by: 


Ra“ 


>Vcc (Vdc) ^ Vcc (Vdc) 


I 7 (A) 


FIGURE 18 - ASTABLE WAVEFORMS 



t = 20 .us/cm 


(Ra = 5.1 kn,c = 0.01 mF. Rl = i-0kn; 
Rb= 3.9kn, Vcc= 15 V) 


FIGURE 19 - FREE-RUNNING FREQUENCY 
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MC1455, MC1555 


APPLICATIONS INFORMATION 


Linear Voltage Ramp 

In the monostable mode, the resistor can be replaced by a con¬ 
stant current source to provide a linear ramp voltage. The capaci¬ 
tor still' charges from 0 to 2/3 The linear ramp time is given 

by 2 VCC 
3 T" 

VcC-Vb-Vbe 

where I = -^-. If V 0 is much larger than Vbe, 

then t can be made independent of V^c- 


Missing Pulse Detector 

The timer can be used to produce an output when an input 
pulse fails to occur within the delay of the timer. To accomplish 
this, set the time delay to be slightly longer than the time between 
successive input pulses. The timing cycle is then continuously reset 
by the input pulse train until a chan^ in frequency or a missing 
pulse allows completion of the timing cycle, causing a change in 
the output level. i 


FIGURE 20 - LINEAR VOLTAGE SWEEP CIRCUIT 



FIGURE 22 


-t-Vcc (5 to 15 V) 



Input 


FIGURE 21 - LINEAR VOLTAGE RAMP WAVEFORMS FIGURE 23 MISSING PULSE DETECTOR WAVEFORMS 

(Re = lOkn, R2 = lOOkn, R1 =39kn,c = 0.01 pF, Vcc = 15 V) (R/^ = 2.0kn,RL = 1.0kn,C = 0.1 pF, Vcc= 15 V) 



t=100ps/cm t = 500ps/cm 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation 

If the timer is triggered with a continuous pulse train in the 
nwnostable mode of operation, the charge time of the capacitor 
can be varied by changing the control voltage at pin 5. In this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 24 


+ Vcc (5 to 15 V) 


Output 


Clock 

Input 


MC1555 
MCI 455 


19 


1 

I 


Modulation 

Input 


FIGURE 25 - PULSE WIDTH MODULATION WAVEFORMS 
(Ra = 10 kn, C = 0.02 pF, Vcc = 15 V) 



t = 0.5 ms/cm 


Test Sequences 

Several timers can be connected to drive each other for sequen¬ 
tial timing. An example is shown in Figure 26 where the sequence 
is started by triggering the first timer which runs for 10 ms. The 
output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 26 
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MC1464 


Product Preview 


3.0 AMPERE NPN POWER DARLINGTON DRIVER 


. . . designed for use as an output device in complementary general 
purpose amplifier applications. 

The MC1464 can also be used for driving lamps, relays, or printer 
hammers in a variety of industrial and consumer applications. 


NPN 

POWER DARLINGTON 
DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• High DC Current Gain 

hpE = 2000 (Min) @ Ic = 3.0 A 

• Can Be Voltage or Current Driven 

• High Collector-Emitter Breakdown Voltage 

BVceO = 80 V (Min) @ Iq = 100 mA 

• Includes Current Limit Control 




1. Emitter 

2. Current Drive (Base) 

3. Current Limit Control 

4. Voltage Drive 

5. Collector 


FIGURE 1 - POWER DERATING 








\ 


cc 20! 
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g 

o 0 









0 2 

0 4 

0 6 

0 80 , 100 120 

140 160 

0. 

Tq, case temperature ( 

°C] 


ORDERING INFORMATION 


Device 

Temperature 

Range 

MC1464P 

0to+125°C 



This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS 





Rating 

Symbol 

Value 

'Collector-Emitter Voltage 

VCEO 

80 

Collector-Base Voltage 

VCB 

80 

Emitter-Base Voltage 

Veb 


Collector Current 

ic 


Base Current 

'b 


Total Device Dissipation @ Tc = 25°C 

Pd 

70 

Derate above 25°C 


0.56 

Operating Junction Temperature Range 

Tj 

-55 to+150 J 

Storage Temperature Range 

^stg 

-55 to +150 ' 

Operating AmbientTemperature Range 

Ta 

0 to +70 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Juction to Ambient 


ELECTRICAL CHARACTERISTICS (T/i^ = 25°C unless otherwise noted.) 


Characteristic [ Symbol 

OFF CHARACTERISTICS 


Diode Breakdown Voltage 
(I = 1.0 mA) 

Bv 

Diode Forward Voltage 

Vf 

(Ip = 5.0 mA) 

(Ip = 0.5 mA) 

Input Resistor 

- P*in 

Input Resistor Dissipation 

Pd 

Collector-Emitter Breakdown Voltage 
dC = 100 mA, Ib = 0) 

BVceo 

Collector Cutoff Current 
(VcE = 40 Vdc, Ib = 0) 

'CEO 

Collector Cutoff Current i 

(VcB = 80 V, Ie = 0, Ta = 25°C) 

(Vgb = 80 V, Ie = 0, Ta = 100°C) 

ICBO 

Emitter Cutoff Current 
(Vbe =5.0 Vdc, lc=;0) 

•ebo 


ON CHARACTERISTICS 


Pulse Test: Pulse Width < 300 fis, Duty Cycle < 2.0%. 



DC Current GainU) 

dc = 3.0-Adc, VcE = 3.0 V) 

^FE 

1500 

Collector-Emitter Saturation Voltage 
dc = 3.0 Adc, Ib = 12 raAdc) 

VcE(sat) 

_ 

Base-Emitter On VoltageU) 

VBE(on) 

1.7 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 

dc = 3.0 Adc, VcE = 3.0 Vdc, f = 1.0 MHz)^ 

bfe 

1.0 



MOTOROLA SGmiconctuctor Products Inc. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC 1590 F 

- 55 °C to -f 125 °C 

Ceramic Flat 

MC 1590 G 

- 55 °C to -t-iaS'C 

Metal Can 


MC1590 


RF/IF/AUDIO AMPLIFIER 

... an integrated circuit featuring wide-range AGC for use in RF/IF 
amplifiers and audio amplifiers over the temperature range, -55 to 
-H25°C. See Motorola Application Note AN-513 for design details. 

• High Power Gain — 50 dB typ at 10 MHz 

45 dB typ at 60 MHz 
35dBtyp at 100 MHz 

• Wide-Range AGC — 60 dB min, dc to 60 MHz 

• Low Reverse Transfer Admittance — <10 /xmhostyp at 60 MHz 

• 6.0 to 15-Volt Operation, Single-Polarity Power Supply 


MAXIMUM RATINGS (T^ = ■H25°C unless otherwise noted) 


Rating 


Power Supply Voltage 


Output Supply 


AGC Supply 


Differential Input Voltage 


Operating Temperature Range 


Storage Temperature Range 


Junction Temperature 



Value 


-H8 


■H8 


Vcc 


5.0 


-55 to-H25 


-65 to +150 


+175 




WIDEBAND AMPLIFIER 
WITH AGC 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 



G SUFFIX 
METAL PACKAGE 
CASE 601 
TO-99 

F SUFFIX 

CERAMIC PACKAGE 
CASE 606 


QVcc 

Output 

rr I-' 

/^Output 


(Same Pin Connections, as Above) 


ADMITTANCE PARAMETERS (Vcc = +12 Vdc, 
Ta = +25«>C) 


f = MHz 

Parameter Symbol 1'YP Unit 


Single-Ended Input 
Admittance 


Single-Ended Output 
Admittance 


Forward Transfer 
Admittance 
(Pin 1 to Pin 5) 


Reverse Transfer 
Admittance* 


*The value of Reverse Transfer Admittance includes 
the feedback admittance of the test circuit used in 
the measurement. The total feedback capacitance 
(including test circuit) is 0.025 pF and is a more 
practical value for design calculations than the in¬ 
ternal feedbackof the device alone. (See Figure 10.) 



SCATTERING PARAMETERS (Vcc = +12 Vdc, 
Ta = +25*>C, Zo = 50 ») 



Output 

Reflection 

Coefficient 


Forward 

Transmission 

Coefficient 


Reverse. 

Transmission St2 

Coefficient flio 


0.93 

-16 degrees 


S 22 0.99 0;98 

$22 “3.0 -5.5 degrees 


16.8 14.7 

128 64.3 degrees 


























































































ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, f = 60 MHz, BW = 1.0 MHz, Ta =-550C to I 250 C unless otherwise noted) 
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NF, NOISE FIGURE (dB) Gp. BOWER GAIN (dB) 


MCI 590 


TYPICAL CHARACTERISTICS (continued) 

FIGURE 9 ~ POWER GAIN versus SUPPLY VOLTAGE FIGURE 10 - REVERSE TRANSFER ADMITTANCE versus 

(See Test Circuit, Figure 24) FREQUENCY (See Parameter Table, Page 1) 




0 2.0 4.0 6.0 8.0 10 12 14 16 10 

Vcc,POWER SUPPLY VOLTAGE (Vdc) 


30 100 200 

f, FREQUENCY (MHz) 



15 20 25 30 35 40 50 60 70 80 90 100 150 

f, FREQUENCY (MHz) 


FIGURE 12- NOISE FIGURE versus SOURCE RESISTANCE 



100 1.0 k 10 k 

Rs, SOURCE RESISTANCE (05ms) 



GAIN REDUCTION (dB) 




MOTOROLA Semiconductor Rrodluotm Inc. 
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t, FREOyENCY (MHz) 


MOTOROLA S&mlcontluGtor Rro€iuGt» Inc 
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MOTOROLA SemicontJuctor Pro€§ucts Inc. 
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MCI 590 


TYPICAL APPLICATIONS (continued) 


V| (AGO 


FIGURE 29 - TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain 80 dB, BW ^ 1.5 MHz) 
10 k 



Output 
(50 fi) 


Tl: Primary Windirtg = 15 Turns, #22 AWG Wire, 1/4" ID Air Core 
Secondary Winding = 4 Turns, #22 AWG Wire, 

Coefficient of Coupling 1.0 


T2; Primary Winding = 10 Turns, #22 AWG Wire, 1/4" ID Air Core 
Secondary Winding = 2 Turns, #22 AWG Wire, 

Coefficient of Coupling =« 1.0 


FIGURE 30 - SPEECH COMPRESSOR 



DESCRIPTION OF SPEECH COMPRESSOR 

The amplifier drives the base of a PNP MPS6517 operating common-emitter with a voltage gain of approxi¬ 
mately 20. The control Rt varies the quiescent Q point of this transistor so that varying amounts of signal 
exceed the level V^. Diode D1 rectifies the positive peaks of Ql's output only when these peaks are greater 
than Vf— 7.0 Volts. The resulting output is filtered by Cjj, 

controls the charging time constant or attack time. is involved in both charge and discharge. R2 (the 
150 kJ2 and input resistance of the emitter-follower Q2) controls the decay time. Making the decay long and 
attack short is accomplished by making small and R2 large. (A Darlington emitter-follower may be needed 
if extremely slow decay times are required.) 

The emitter-fpllower Q2 drives the ACzC Pin 2 of the MC1590 and reduces the gain. R3 controls the slope 
of signal compression, the following graph details performance with R3 set to 15 kr2. 
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OUTPUT VOLTAGE (VOLTS) 


MC1590 



OOlE - 1-L...i .1 I 1111 _I_L (111 _ I I I I n III 

' 0.t 0.3 0.5 1.0 3.0 5.0 10 30 50 100 

e|, INPUT VOLTAGE (mV) 


TABLE I - DISTORTION versus FREQUENCY 


frequency 

DISTORTIQN 

DISTORTION 

niEHBl 




100 Hz 

3.5% 

12% 

15% 

' 27% 

300 Hz 

2% 

10% 

6% 

20% 

1.0kHz 

1.5% 

8% 

3% 

9% 

10 kHz 


8% 

1% 

3% 

100 kHz 

■EH 

8% 

1% 

3% 


Decay = 300 ms Decay = 20 ms 

Attack = 20 ms Attack = 3 ms 

Cx = 7.5 juF Cx = 0.68 nF 

Rx = b (Stiort) Rx = 1.5kS7 



The maximum power consumption an integrated 

voltages and supply currents at the worst-case oper- 

circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 

ating condition. 

Tj(max) " Maximum Operating Junction 

^J(max)~^A 

Temperature as listed in the 

~ R0jA(Typ) 

Maximum Ratings Section 

Ta = Maximum Desired Operating Ambient 

Where: PqUa) “ Power Dissipation allowable at a 
given operating ambient temperature. This must be 

Temperature 

RgjAlTyp) T Typical Thermal Resistance 

greater than the sum of the products of the supply 

Junction to Ambient 


Circuit diagrams utilizing Motorola products are included a means is believed to be entirely reliable. However, no responsibility is 
of illustrating' typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described ahy 
necessarily given. The information has been Cafefully checked and license under the patent rights of Motorola Inc. or others. 


MOTOROLA S4Bmiconcluct€»r Proelucttf Inc. 
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Vo, OUTPUT VOLTAGE (VOLTS) 


ORDERING INFORMATION 


Device Temperature I 


MC1494L 

MC1594L 


Temperature Range 

O^C to +70‘’C 
-55°C to +125“C 


Package 

Ceramic DIP 
Ceramic DIP 


Specifications and Applications 
Information 


MC1494L 

MC1S94L 


MONOLITHIC FOUR-OUADRANT MULTIPLIER 

. . . designed for use where the output voltage is a linear product of 
two input voltages. Typical applications include: multiply, divide, 
square root-, mean square, phase detector, frequency doubler, balanced 
modulator/demodulator, electronic gain control. 

The MC1594/1494 is a variable transconductance multiplier with 
internal level-shift circuitry and voltage regulator. Scale factor, input 
offsets and output offset are completely adjustable with the use of four 
external potentiometers. Two complementary regulated voltages are 
provided to simplify offset adjustment and improve power-supply 
rejection. 

• Operates With ±15 V Supplies 

• Excellent Linearity — Maximum Error (X or Y): ± 0.5% (MC1594) 

± 1.0% ('MC1494) 

• Wide Input Voltage Range — ±10 volts 

• Adjustable Scale Factor, K (0.1 nominal) 

• Single-Ended Output Referenced to Ground 

• Simplified Offset Adjust Circuitry 

• Frequency Response (3 dB Small-Signal) — 1.0 MHz 

• Power Supply Sensitivity — 30 mV/V typical 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 



CERAMIC PACKAGE 
CASE 620 
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MAXIMUM RATINGS (T^-■ +25*^0 unless otherwise noted) 


Rating 

Symbol 

Value 

' Unit 

Power.Suppiy Voltage 

V+ 

V" 

+18 

-18 

Vdc 

Differential Input Signal 

Vg-Vg 

± 16 + 1] Ry|<30 
i |6 + I, RxI<30 

Vdc 

Common-Mode 1 nput Voltage 

VCMY = Vg = Vg 

VCMX = VlO “ 

VCMY 

VCMX 

+ 11.5 

±11.5 

Vdc 

Power Dissipation (Package Limitation) 
Ta = +25°C 

Derate above Ta = +25*^C 

pd 

1WJA 

750 

5.0 

mW 

mml°c 

Operating Temperature Range 

(VIC 1594 
MCI494 

Ta . 

-55 to +125 
0to+ 70 

°c 

Storage Temperature Range 

Tstg 

-65 to +150 

°c 



ELECTRICAL CHARACTERiSTICS IV* i-l5 V, V" - -15 V.Ta ♦25°C. R) = 16 kii. Rx =• 30 k£>. Ry 

unless otherwise noted) 


Linearity 

Output error in Percent of full scale 
-10 V<Vx<+10V (Vy = ±10 V) 
-10 V<Vy< + 10 V (Vx= ±.10 V) 
Ta = +25°C 
Ta “ Thigh (D 
Ta = T|o„ (D 


Input 

Voltage Range (Vx = Vy * Vj^) 
Resistance (X or Y Input) 

Offset Voltage (X Input) (Note 1) 
(Y Input) (Note 1) 
Bias Current (X or Y Input) 
Offset Current (X or Y Input) 


Output 

Voltage Swing Capability 
Impedance 

Offset Voltage (Noiel) 
Offset Current (Note 1) 


Temperature Stability (Drift) 

Ta ** Thigh 10 Tiq^^ 

Output Offset (X = 0. Y »0) Voltage 
Current 

X Input Offset (Y = 0) 

Y Input Offset (X = 0) 

Scale Factor 

Total dc Accuracy Drift (X * 10. Y * 10) 


Dynamic Response 
Small Signal (3 dB) X 
Y 

Power Bandwidth (47 k) 
3° Relative Phase Shift 
1% Absolute Error 


Common Mode 
Input Swing (X or Y) 
Gain (Xor Y) 


Power Supply 
Current 

Quiescent Power Dissipation 
Sensitivity 


Regulated Offset Adjust Voltages 
Positive 

Negative 

Temperature Coefficient (Vp or Vp) 
PoWrSuppiySensitivity (Vp or Vp) 


Note 1: Offsets can be adjusted to zero with external potentiometers. 

©Thigh = +125°C for MC1594 ©Tj^w = -55°C for MC 
+ 70°C for MC1494 0®C for MC 
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Erx OR Ery, LINEARITY ERROR (%) Vo, OUTPUT VOLTAGE (Vpp) RELATIVE GAIN (dB) 



TYPICAL CHARACTERISTICS 

(Unlessotherwise noted, V+ = +15 V, V = -15 V, R1 = 16 kft, Rx = 30 kn, Ry = 62 kn, R l = 47 kn, Ta = +25°C) 


FIGURE 9 - FREQUENCY RESPONSE OF Y INPUT 
versus LOAD RESISTANCE 


■HIBISIIII 


■IllllliiiiilUe. 

■hIIbIiii 




104 10= 

f, FREQUENCY (Hz) 


FIGURE 10 - FREQUENCY RESPONSE OF 
. X INPUT versus LOAD RESISTANCE 




105 106 

f, FREQUENCY (Hz) 


FIGURE 11 - LARGE SIGNAL VOLTAGE versus FREQUENCY FIGURE 12 - LINEARITY versus Ry OR Ry WITH K = 1/10 
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FIGURE 14 - SCALE FACTOR (K) versus TEMPERATURE 
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GENERAL INFORMATION 


1. CIRCUIT DESCRIPTION 
1.1 Introduction 


The MC1594 is a monolithic, four-quadrant multiplier that 
operates on the principle of variable transconductance. It 
features a single-ended current output referenced to ground 
and provides two complementary regulated voltages for use 


with the offset adjust circuits to virtually eliminate sensitivity 
of the offset voltage nulls to changes in supply voltage. 

As shown in Figure 15, the MC1594 consists of a multiplier 
proper and associated peripheral circuitry to provide these 
features. 


(Recommended External Circuitry is Depicted With Dotted Lines) 

-, 

, BLOCK DIAGRAM | 


DIFFERENTIAL (Io = Ia-Ib) 



8 
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Regulator (Figure 15) 

The regulator biases the entire MCI 594 circuit making it 
essentially independent of supply variation. It also provides 
two convenient regulated supply voltages which can be used 
in the offset adjust circuitry. The regulated output voltage 
at pin 2 is approximately +4.3 V while the regulated voltage 
at pin 4 is approximately -4.3 V. For optimum temperature 
stability of these regulated voltages, it is recommended that 
II2I “ II4I = 1.0 mA (equivalent load of 8.6 kf2). As will be 
shown later, there will normally be two 20 k-ohm potenti¬ 
ometers and one 50 k-ohm potentiometer connected between 
pins 2 and 4. 

The regulator also establishes a constant current reference that 
controls afl of the constant current sources in the MCI594. 
Note that all current sources are related to current I-) which 
is determined by R1. For best temperature performance, 
R1 should be 16 kn so that I ^ 0.5 mA for all applications. 

Multiplier (Figure 15) 

The multiplier section of the MC1594 (center section of 
Figure 15) is nearly identical to the MC1595 and is discussed 
in detail in Application Note AN-489, "Analysis and Basic 
Operation of the MCI595”. The result of this analysis is 
that the differential output current of the multiplier is given 
by: 

2VxVy 

Ia-Ib-‘^'«p,^p,yI^ 

Therefore, the output is proportional to the product of the 
two input voltages. 

Differential Current Converter (Figure 15) 

This portion of the circuitry converts the differential output 
current (Ia'IbI multiplier to a single-ended output 

current (Iq): 

'o = 'a - Ib 


The output current can be easily converted to an output 
voltage by placing a load resistor Rl from the output (pin 
14) to ground (Figure 17) or by using an op-ampl. as a 
current-to-voltage converter (Figure 16). The result in both 
circuits is that the output voltage is given by: 

2RlVxVy 

Vo - . = KVx Vy 


where K (scale factor) ■ 


2. DC OPERATION 

2.1 Selection of External Components 

For low frequency operation the circuit of Figure 16 is 
recommended. For this circuit, Rx = 30 kfZ, Ry = 62 kf2, 
Rl = 16 kn and hence I-] »0.5 mA. Therefore, to set the 
scale factor, K, equal to 1/10, the value of Rl can be cal¬ 
culated to be: 

1 2Rl 

^ 10 Rxf'vh 

RxRy'I (30k) (62 k) (0.5mA). 

(2X10) " 20"" 

Rl = 46.5 k 

Thus, a reasonable accuracy in scale factor can be achieved 
by making Rl a fixed 47 kn resistor. However, if it is desired 



FIGURE 16 - TYPICAL MULTIPLIER CONNECTION 




50 k 22 k 


*R Is not necessary H 
inputs are dc coupled. 


+15V -15V 

Vo = -VxVy 


-10 V< Vx<+10 V 
-10 V<Vy<+10 V 
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that the scale factor be exact, Rl can be comprised of a 
fixed resistor and a potentiometer as shown in Figure 16. 
It should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voltages are expected 
to be large, say ±10 V. Obviously with Vx = Vy = 10 V and 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scale factor is set to 1 /10 and provides 
an output scaled down by a factor of ten. For many applica¬ 
tions it may be desirable to set K = 1/2 or K = 1 or even 
K = 100. This can be accompiished by adjusting Rx, Ry 
and Rl appropriately. 

The selection of Rl is arbitrary and can be chosen after 
resistors Rx and Ry are found. Note in Figure 16 that Ry 
is 62 kn while Rx is 30 The reason for this is that the 
"Y" side of the multiplier exhibits a second order non¬ 
linearity whereas the "X" side exhibits a simple non-linearity. 
By making the Ry resistor approximately twice the value 
of the Rx resistor, the linearity on both the "X" and "Y" 
sides are made equal. The selection of the Rx and Ry 
resistor values is dependent upon the expected amplitude of 
Vx and Vy inputs. To maintain a specified linearity, 
resistors Rx and Ry should be selected according to the 
following equations: 

Rx& 3 Vx (max) in kf2 when Vx is in volts 

Ry 5 6 Vy (max) in kn when Vy is in volts 

For example, if the maximum input bn the "X" side is 
+ 1 volt, resistor Rx can be selected to be 3 kn. If the max¬ 
imum input on the "Y" side is also ±1 volt, then resistor 
Ry can be selected to be 6 kn (6.2 kn nominal value). If a 
scale factor of K = 10 is desired, the load resistor is found to 
be 47 kn. In this example, the multiplier provides a gain 
of20dB. 

2.2 Operational Amplifier Selection 

The operational amplifier connection in Figure 16 is a simple 
but extremely accurate current-to-voltage converter. The 
output current of the multiplier flows through the feedback 
resistor Rl to provide a low impedance output voltage from 
the op-ampl. Since the offset current and bias currents of 
the op-ampl. will cause errors in the output voltage, particu¬ 
larly with temperature, one with very low bias and offset cur¬ 
rents is recommended. The MC1556/MC1456 or iViC1741/ 
IVIC1741C are excellent choices for this application. 

Since the MCI594 is capable of operation at much higher 
frequencies than the op-ampl., the frequency characteristics 
of the circuit in Figure 16 will be primarily dependent upon 
the op-ampl. 

2.3 Stability 

The current-to-vpltage converter mode is a most demanding 
application for an operational amplifier. Loop gain is at its 
maximum and the feedback resistor in conjunction with 
stray or input capacitance at the multiplier output adds addi¬ 
tional phase shift. It may therefore be necessary to add 
(particularly in the case of internally compensated op-ampis.) 
a small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF in parallel with Rl should be 
adequate to insure stability over production and temperature 
variations, etc. 

An externally compensated op-ampl. might be employed 
. using slightly heavier compensation than that recommended 
for unity-gain Operation. 

2.4 Offset Adjustment 

The non-iayerting input of the op-ampl. provides a convenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper arpi of a potentiometer (P3), the output 


offset voltage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 

The input offset adjustment potentiometers, PI and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the multiplier's excellent linearity char¬ 
acteristics. Depending upon the particular application, some 
of the potentiometers can be omitted (see Figures 17, 19, 
22, 24 and 25). 

2.5 Offset and Scale Factor Adjustment Procedure 

The adjustment procedure for the circuit of Figure 16 is: 

A. X Input Offset 

(a) connect oscillator (1 kHz, 5 Vppsinewave) to the "Y" 
input (pin 9) 

(b) connect "X" input (pin 10) to ground 

(c) adjust X-offset potentiometer, P2 for an ac null at 
the output 

B. Y Input Offset 

(a) connect oscillator (1 kHz, 5 Vpp sinewave) to the "X" 
input (pin 10) 

(b) connect "Y" input (pin 9) to ground 

(c) adjust Y-offset potentiometer, PI for an ac null at 
the output 

C. Output Offset 

(a) connect both "X" and "Y" inputs to ground 

(b) adjust output offset potentiometer,P3, until the oqt- 
. put voltage Vq, is zero volts dc 

D. Scale Factor 

(a) apply -HO Vdc to both the "X" and "Y" inputs 

(b) adjust P4 to achieve -10.00 V at the output 

(c) apply -10 Vdc to both "X" and "Y" inputs and check 
for Vo = -10.00 V 

E. Repeat steps A through D as necessary. 

The ability to accurately adjust the MCI594 is dependent 
on the offset adjust potentiometers. Potentiometers should 
be of the "infinite" resolution type rather than wirewound. 
Fine adjustments in balanced-modulator applications may 
require two potentiometers to provide "coarse” and "fine" 
adjustment. Potentiometers should have low temperature 
coefficients and be free from backlash. 

2.6 Temperature Stability 

While the MCI594 provides excellent performance in itself, 
overall performance dependsto a large degree on the quality 
of the external components. Previous discussion shows the 
direct dependence on Rx, Ry> 3 tid RLond indirect depend¬ 
ence on Rl (through 1^), Any circuit subjected to tempera- 
ture variations should be evaluated with these effects in miridi 

2.7 Bias Currents 

The MC1594 multiplier,'like most linear IC's, requires a dc 
bias current into its input terminals. The device cannot be 
capacitively coupled at the input without regard for this bias 
current. If inputs Vx and Vy are able to supply the small bias 
current (sj 0.5 pA) resistors, R (Figure 16) can be omitted. 
If the MCI 594 is used in an ac mode of operation and 
capacitive coupling is used the value of resistor R can be any 
reasonable value up to 100 kn. For minimum noise and 
optimum temperature performance, the value of resistor R 
should be as low as practical. 

2.8 Parasitic Oscillation 

When long leads are used on the inputs, oscillation may occur. 
In this event, an RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using short leads. The purpose of the network 
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is to reduce the "Q" of the source-tuned circuits which cause 
the oscillation. 

Inability to adjust the circuit to within the specified accuracy 
may be an indication of oscillation. 

3. AC OPERATION 

3.1 General 

For ac operation, such as balanced modulation, frequency 
doubler, AGC, etc., the op-ampl. will usually be omitted as 
well as the output offset adjust potentiometer. The output 
offset adjust potentiometer is omitted since the output will 
normally be ac-coupled and the dc voltage at the output is 
of no concern providing it is close enough to zero volts that 
it will not cause clipping in the output waveform. Figure 17 


FIGURE 17 - WIDEBAND MULTIPLIER 


3 k 6.2 k +15 V -16 V 



"zeros" is seen in Figures 9 and 10. The reason for this 
increase in gain is due to the bypassing of Rx ^tid Ry at 
high frequencies. Since the Ry resistor is approximately 
twice the value of the Rx resistor, the zero associated with 
the "Y" input will occur at approximately one octave below 
the zero associated with the "X" input. For Rx = 30 kn and 
Ry = 62 kn, the zeros occur at 1.5 MHz for the "X" input 
and 700 kHz for the "Y" input. These two measured break¬ 
points correspond to a shunt capacitance of about 3.5 pF. 
Thus, for the circuit of Figure 17, the "X" input zero and 
"Y" input zero wili be at approximately 15 MHz and 
7 MHz respectively. 

It should be noted that the MCI594 multiplies in the time 
domain, hence, its frequency response is found by means 
of complex convolution in the frequency (Laplace) domain. 
Thismeans thatif the "X" input does not involve afrequency, 
it is not necessary to consider the "X" side frequency 
response in the output product. Likewise, for the "Y" side. 
Thus, for applications such as a wideband linear AGC ampli¬ 
fier which has a dc voltage as one input, the multiplier fre¬ 
quency response has one zero and one pole. For applications 
which involve an ac voltage on both the "X" and "Y" side, 
such as a balanced modulator, the product voltage response 
will have two zeros and one pole, hence, peaking may be 
present in the output. 

From this brief discussion, it is evident that for ac applica¬ 
tions; (1) the value of resistors Rx, Ry and Rl should be 
kept as small as possible to achieve maximum frequency 
response, and (2) it is possible to select a load resistor R|_ 
such that the dominant pole (Rl, Cq) cancels the input zero 
(Rx, 3.5 pF or Ry, 3.5 pF) to give a flat amplitude character¬ 
istic with frequency. This is shown in Figures 9 and 10. 
Examination of the frequency characteristics of the "X" 
and "Y" inputs will demonstrate that for wideband amplifier 
applications, the best tradeoff with frequency response and 
gain is achieved by using the "Y" input for the ac signal. 

For ac applications requiring bandwidths greater than those 
specified for the MCI594, two other devices are recom¬ 
mended. For modulator-demodulator applications, the 
MCI596 may be used up to 100 MHz, For wideband multi¬ 
plier applications, the MCI595 (using small collector loads 
and ac coupling) can be used. 


shows a typical ac multiplier circuit with a scale factor 1. 
Again, resistor Rx and Ry are chosen as outlined in the 
previous section, with Rl chosen to provide the required 
scale factor. 

The offset voltage then existing at theoutputwill beequai to 
the offset current times the load resistance. The output off¬ 
set current of the MC1594 is typically 17 pA and 35 pA 
maximurn. Thus, the maximum output offset would be 
about 160 mV. 

3.2 Bandwidth' 

The bandwidth of the MCI 594 is primarily determined by 
two factors. First, the dominant pole will be determined by 
the load resistor and the stray capacitance at the output 
terminal. For the circuit shown in Figure 17, assuming a 
total output capacitance (Cg) of 10 pF, the 3 dB bandwidth 
would be approximately 3.4 MHz. If the load resistor were 
47 kn, the bandwidth would be approximately 340 kHz. 
Secondly, a "zero" is present in the frequency response 
characteristic for both the "X" and "Y" inputs which causes 
the output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond the breakpoint of the "zero". The 
"zero" is caused by the parasitic and substrate capacitance 
which is related to resistors Rx arid Ry and the transistors 
associated with them. The effect of these transmission 


Slew-Rate 


The MC1594 multiplier is not slew-rate limited in the ordi¬ 
nary sense that an op-ampl. is. Since,all the signals in the 
multiplier are currents and not voltages, there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. HOwever, it should 
be noted that the quiescent current in the output transistors 
is 0.5 mA and thus the maximum rate of change of the out¬ 
put voltage is limited by the output load capacitance by 
the simple equation: 

AVg Ig 
Slew-Rate —— = — 

AT C 


Thus, if Cg is 10 pF, the maximum slew-rate would be: 


AVg 

AT 


0.5 X 10'3 

-- = 50 V/ps 

10 x 10'''2 


This can be improved if necessary by addition of an emitter- 
follower or other type of buffer. 

Phase-Vector Error 

All multipliers are subject to an error livhich is known as the 
phase-vector error. This error is a phase error only and does 
not contribute an amplitude error per se. The phase-vector 
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error is best explained by an example. If the "X" input is 
described in vector notation as 


X = A 0° 


and the "Y" input is described as 
Y = B 2^ 0° 

then the output product would be expected to be 

Vq = AB 0° (see Figure 18) 

However, due to a relative phase shift between the "X" and 
"Y" channels, the output product will be given by 

Vo = AB 2( 0 

Notice that the magnitude is correct but the phase angle of 
the product is in error. The vector, V, associated with this 
error is the "phase-vector error". The startling fact about 
the phase-vector error is that it occurs and accumulates much 
more rapidly than the amplitude error associated with fre¬ 
quency response. In fact.a relative phase shift of only 0.57° 
will result in a 1% phase-vector error. For most applications, 
this error is meaningless. If phase of the output product is 
not important, then neither Is the phase-vector error. If 
phase is important, such as in the case of double sideband 
modulation or demodulation, then a 1% phase-vector error 
will represent a 1% amplitude error at the phase angle 
of interest. 


FIGURE 18 - PHASE-VECTOR ERROR 



Circuit Layout 

If wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across Rx and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 


4. DC APPLICATIONS 
4.1 Squaring Circuit 

If the two inputs are connected together, the resultant 
function is squaring: 


where K is the scale factor (see Figure 19). 

However, a more careful look at the multiplier's defining 
equation will provide some useful information. The output 
voltage, without initial offset adjustments is given by: 

Vq = K(Vx + Vjox -Vx off) (Vy -I- V|oy - Vy off) -H Vqo 

(See "Definitions" for an explanation of terms). 

With Vx = Vy = V (squaring) and defiiiing 

^x = V|ox - Vx off 
fy “ Vjoy - Vy off 

The output voltage equation becomes 

Vo = K V2 -t KVx (fX + fy) + K^x^y + Voo 

This shows that all error terms can be eliminated with only 
three adjustment potentiometers, eliminating one of the in¬ 
put offset adjustments. For instance, if the "X" input offset 
adjustment is eliminated, is determined by the internal 
offset, Viox. t)°f fy adjustable to the extent that the 
(€x + cy) term can be zeroed. Then the output offset adjust¬ 
ment is used to adjust the Voo 3°*) 1*^°* ^®''° I*’® remain¬ 
ing error terms. An ac procedure for nulling with three 
adjustments is: 

A. AC Procedure: 

1. Connect oscillator (1 kHz, 15 Vpp) to input 

2. Monitor output at 2 kHz with tuned voltmeter and 
. adjust P4 for desired gain (Be sure to peak response 

of voltmeter) 

3. Tune voltmeter to 1 kHz and adjust PI for a minimum 
output voltage 

4. Ground input and adjust P3 (output offset) for zero 
volts dc out 

5. Repeat steps 1 through 4 as necessary. 


FIGURE 19 - MC1594 SQUARING CIRCUIT 
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B. DC Procedure: 

1. Set Vx = Vy = 0 V and adjust P3 (output offset 
potentiometer) such that Vj, = 0.0 Vdc 

2. Set Vx = Vy = 1.0 V and adjust PI (Y input offset 
potentiometer) such that the output voltage is 
-0.100 volts 

3. Set Vx = Vy = 10 Vdc and adjust P4 (load resistor) 
such that the output voltage is -10.00 volts 

4. Set Vx = Vy = -10 Vdc and check that Vq = -10V 
Repeat steps 1 through 4 as necessary. 


Divide circuits warrant a special discussion as a result of their 
special problems. Classic feedback theory teaches that if a 
multiplier is used as a feedback element in an operational 
amplifier circuit, the divide function results. Figure 20 illus¬ 
trates the theoretical simplicity of such an approach and a 
practical realization is shown in Figure 21. 

The characteristic "failure" mode of the divide circuit is 
latch-up. One way it can occur is if Vx is allowed to go 
negative or, in some cases, if Vx approaches zero. 

Figure 20 illustrates why this is so. For Vx > 0 the transfer 
function through the multiplier is non-inverting. Its output 
is fed to the inverting input of the op ampl. Thus, operation 
is in the negative feedback mode and the circuit is dc stable. 
Should Vx change polarity, the transfer function through 
the multiplier becomes inverting, the amplifier has positive 
feedback and latch-up results. The problem resulting from 

FIGURE 20 - BASIC DIVIDE CIRCUIT USING MULTIPLIER 



Vx being near zero is a result gf the transfer through the 
multiplier being near zero. The op-ampl. is then operating 
with a very high closed loop gain and error voltages can thus 
become effective in causing latch-up. 

The other mode of latch-up results from the output voltage 
of the op-ampl. exceeding the rated common-mode input 
voltage of the multiplier. The input stage of the multiplier 
becomes saturated, phase reversal results, and the circuit is 
latched up. The circuit of Figure 21 protects against this 
happening by clamping the output swing of the op-ampl. to 
approximately ± 10.7 volts. Five-percent tolerance, 10-volt 
zeners are used to assure adequate output swing but still 
limit the output voltage of the op-ampl. from exceeding the 
common-mode input range of the MCI594. 

Setting up the divide circuit for reasonably accurate opera¬ 
tion is somewhat different from the procedure for the 
multiplier itself. One approach, however, is to break the 
feedback loop, null out the multiplier circuit, and then close 
the loop. 

A simpler approach, since it does not,involve breaking the 
loop (thus making it more practical on a production basis), is; 

1. Set Vz = 0 volts and adjust the output offset potentio¬ 
meter (P3) until the output voltage (Vq) remains at 
some (not necessarily zero) constant value as Vx is varied 
between -tl .0 volt and -HO volts. 

2. Maintain Vz at 0 volts, set Vx at -tIO volts and ad¬ 
just the Y input offset potentiometer (PI) until Vq = 0 
volts. 

3. With Vx = Vz, adjust the X input offset potentiometer 
(P2) until the output voltage remains at some (not nec¬ 
essarily -10 volts) constant value as Vz = Vx is varied 
between -H.O volt and -HO volts. 

4. Maintain Vx = Vz and adjust the scale factor potentio¬ 
meter (Rl) until the average value of Vq is -10 volts as 
Vz ■ Vx is varied between -H.O volt and -i-IO volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti¬ 
mum performance. 

Users of the divide circuit should be aware that the accuracy 
to be expected decreases in direct proportion to the denomi- 


FIGURE 21 - PRACTICAL DIVIDE CIRCUIT 




o<vx<+io v 
-iov<vzs+iov 
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Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 

Note: Operation near zero volts input may prove very in¬ 
accurate, hence, it may not be possible to adjust Vg 
to 0 but rather only to within 100 to 400 mV of zero. 

5. AC APPLICATIONS 

5.1 Wideband Amplifier With Linear AGC 

If one input to the MCI594 is a dc voltage and a signal 
voltage is applied to the other input, the amplitude of the 
output signal can be controlled in a linear fashion by varying 
the dc voltage. Hence, the multiplier can function as a dc 
coupled, wideband amplifier with linear AGC control. 

In addition to the advantage of Linear AGC control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGC dynamic range is 
theoretically infinite. This stems from the basic fact that 
with zero volts dc applied to the AGC, the output will be 
zero regardless of the input. In practice, the dynamic range 
is limited by the ability to adjust the input offset adjust 
potentiometers. By using cermet multi turn potentiometers, 
a dynamic range of 80 dB can be obtained. The second 
advantage of the multiplier is that variation of the AGC volt¬ 
age has no effect on the signal handling capability of the 
signal port, nor does it alter the Input impedance of the 
signal port. This feature is particularly important in AGC 
systems which are phase sensitive. A third advantage of the 
multiplier is that the output-vpitage-swing capability and 
output impedance are unchanged with variations in AGC 
voltage. 

The circuit of Figure 24 demonstrates the linear AGC ampli¬ 
fier. The amplifier can handle 1 Vlrms) and exhibits a gain 
of approximately 20 dB. It is AGC’d through a 60 dB 
dynamic range with the application of an AGC voltage from 
0 Vdc to 1 Vdc. The bandwidth of the amplifier is'deter¬ 
mined by the load resistor and output stray capacitance. For 
this reason, an emitter-follower buffer has been added to 
extend the bandwidth in excess of 1 MHz. 

5.2 Balanced Modulator 

When two-time variant signals are used as inputs, the result- 


FIGURE 23 - SQUARE ROOT CIRCUIT 



FIGURE 22 - BASIC SQUARE ROOT CIRCUIT 



nator voltage. As a result, if Vx is set to 10 volts and 0.5% 
accuracy is available, then 5% accuracy can be expected 
when Vx is only 1 volt. 

In accordance with an earlier statement, Vx may have only 
one polarity, positive, while V^ may be either polarity. 

4.3 Square Root 

A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function as indicated in Figure 22. This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit. Note that only one polarity of input is allowed 
and diode clamping (see Figure 23) protects against accidental 
latch-up. 

This circuit too, may be adjusted in the closed-loop mode; 

1. Set V 2 = -0.01 Vdc and adjust P3 (output offset) for 
Vo = 0.316 Vdc. 

2. Set Vz to -0.9 Vdc and adjust P2 ("X" adjust) for Vq = 
+3 Vdc. 

3. Set Vz to -10 Vdc and adjust P4 (gain adjust) for Vq = 
+10 Vdc. 






ing output is suppressed-carrier double-sideband modulation. 
In terms of sinusoidal inputs, this can be seen in the following 
equation: 

Vq = K( ei coscumf) (®2 cosojct) 

where corn modulation frequency and coj; is the carrier 
frequency. This equation can be expanded to show the 
suppressed carrier or balanced modulation: 

Keie2 

Vq — ^ [cosIcOq corn) f ^ (coc - cO|n)t] 

Unlike many modulation schemes, which are non-linear in 
nature, the modulation which takes place when using the 
MCI 594 is linear. This means that for two sinusoidal inputs, 
the output will contain only two frequencies, the sum and 
difference, as seen in the above equation. There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple of the carrier. Far this reason, the filter 
requirements of a modulation system are reduced to the 
minimum. Figure 25 shows the MCI594 configuration to 
perform this function. 


. FIGURE 24 - WIDEBAND AMPLIFIER 
WITH LINEAR AGC 


FIGURE 25 - BALANCED MODULATOR 
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The adjustment procedure for this circuit is quite simple. 

(1) Place the carrier signal at pin 10. With no signal 
applied to pin 9, adjust potentiometer PI such that an ac 
null is obtained at the output. 

(2) Place a modulation signal at pin 9. With no signal 
applied to pin 10, adjust potentiometer P2 such that an ac 
null is obtained at the output. 

Again, the ability to make careful adjustment of these offsets 
will be a function of the type of potentiometers used for 
PI and P2. Multiple turn cermet type potentiometers are 
recommended. 

Frequency Doubler 

If for Figure 25 both inputs are identical; 

®m “ ®c “ Ecoscjt 
Then the output is given by 


®o “ ®m®c “ E'^cos'^iut 


which reduces to 



Notice that the resistor values for Rx, Ry- Ri_ have 
been modified. This has been done primarily to increase the 
bandwidth by lowering the output impedance of the MCI594 
and then lowering Rx and Ry to achieve a gain of 1. The 
ec can be as large as 1 volt peak and en-, as high as 2 volts 
peak. . No output offset adjust is employed since we-are 
interested only in the ac output components. 

The input R's are used to supply bias current to the multi¬ 
plier inputs as well as provide matching input impedance. 
The output frequency range of this configuration is deter¬ 
mined by the 4.7 k ohm output impedance and capacitive 
loading. A^uming a 6 pF load, the small-signal bandwidth 
is 5.5 MHz. 

The circuit of Figure 25 will provide a typical carrier rejection 
of &70dB from 10 kHz to 1.5 MHz. 


60 =-^ (1 -I- cos2u)t) 

This equation states that the output will consistof a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency. Thus, the circuit acts as a 
frequency doubler. Two facts about this circuit are worthy 
of note. First, the second harmonic of the input frequency 
is the only frequency appearing at the output. The funda¬ 
mental does not appear. Second, if the input is sinusoidal, 
the output will be sinusoidal and requires no filtering. 

The circuit of Figure 25 can be used as a frequency doubler 
with input frequencies in excess of 2 MHz. 

Amplitude Modulator 

The circuit of Figure 25 is also easily used as an amplitude 
modulator. This is accomplished by simply varying the input 
offset adjust potentiometer (PI) associated with the modu- 
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lation input. This procedure places a dc offset on the modu¬ 
lation input of the multiplier such that the carrier still passes 
thru the multiplier when the modulating signal is zero. 
The result is amplitude modulation. This is easily seen by 
examining the basic mathematical expression for amplitude 
modulation given below. For the case under discussion, 
with K = 1, 

eg = (E + Em coscurnf) (^c coscjct) 

where E is the dc input offset adjust voltage. This expression 
can be written as: 

Bq = Eo 11 + M costuct] cosojct 


and M = — = modulation index 

This is the standard equation for amplitude modulation. 
From this, it is easy to see that 10P% modulation can be 
achieved by adjusting thp input offset adjust voltage to be 
exactly equal to the peak value of the modulation, Em- This 
is done by observing the output waveform and adjusting the 
input offset potentiometer, P1, until the output exhibits the 
familiar amplitude modulation waveform. 

Phase Detector 

If the circuit of Figure 25 has as its inputs two signals of 
identical frequency but having a relative phase shift the out¬ 
put will be a dc signal which is directly proportional to the 
cosine of phase difference as well as the double frequency 
term. 

eg = Eg COSUJct 
em = EmCOs(u;ct + 0 ) 
eg = egBrn = EgEm coscugtcosicjgt+ 0) 

or , eg =[cos(/> + cos(2cuct + 0l 

The addition of a simple low pass filter to the output (which 
eliminates the second cosine term) and return of Rl to an 
offset adjustment potentiometer will result in a dc output 
voltage which is proportional to the cosine of the phase dif¬ 
ference. Hence, the circuit functions as a synchronous 
detector. 

DEFINITIONS OF SPECIFICATIONS 

Because of the unique nature of a multiplier, i.e., two inputs 
and one output, operating specifications are difficult to 
define and interpret. Indeed the same specification may be 
defined in several completely different ways depending upon 
which manufacturer is doing the defining. In order to clear 
up some of this mystery, the following defiiiitions and 
examples are presented. 

Multiplier Transfer Function 

The output of the multiplier may be expressed by this 
equation: 

Vg = K(Vx± Vjgx -Vxoff) (Vy ± Vjgy -Vy gffji Vgg (1) 
where K = scale factor (see 6.5) 

Vx = "x" input voltage 
Vy - "y" input voltage 
Viox = "x" input offset voltage 
Vjgy = "y" input offset voltage 
Vx off ^ "x" input offset adjust voltage 


Vy off = input offset adjust voltage 
Vgg = output offset voltage 


The voltage transfer characteristic below indicates "X”, "Y" 
and output offset voltages. 




6.2 Linearity 

Linearity is defined to be the maximum deviation of output 
voltage from a straight line transfer function. It is expressed 
as a percentage of full-scale output and is measured for Vx 
and Vy separately either using an "X-Y” plotter (and checking 
the deviation from a straight line) or by using the method 
shown in Figure 1. The latter method nullsthe output signal 
with the input signal, resulting in distortion components 
proportional to the linearity. 

Example: 0.35% linearity means 
VxVv 

Vg = ± (0.0035) (10 volts) 

6.3 Input Offset Voltage 

The input offset voltage is defined from Equation (1). It is' 
measured for Vx and Vy separately and is defined to be that 
dc input offset adjust voltage ("x" or "y") that will result in 
minimum ac output when ac (5 Vpp, 1 kHz) is applied to the 
other input ("y" or "x" respectively). From Equation(l) 
we have: 

'^o(ac) ~'^iox-'^x off) 

adjust Vx off so that (+Vjgx-Vx off) = 0- 

6.4 Output Offset Current and Voltage 

Output offset current (Igg) is the dc current flowing in the 
output lead when Vx = Vy = 0 and ''X"and "Y" offset volt¬ 
ages are adjusted to zero. 

Output offset voltage (Vgg) is: 


where Rl is the load resistance. 

Note: Output offset voltage is defined by many manufac¬ 
turers with all inputs at zero but without adjusting 
"X" and "Y" offset voltages to zero.'Thus it includes 
input offset terms, an output offset term and a scale 
factor term. 


Scale factor is the K term in Equation (1). It determines the 
"gain" of the multiplier and is expressed approximately by 
the following equation. 


2 Rl ■ kT 

“ p o I where Rx and Rw » -r" 
RxRy'l ^ y qlf 

and 1 1 is the current out of pin 1. 







Total DC Accuracy 

The total dc accuracy of a multiplier is defined as error in 
multiplier output with dc (±10 Vdc) applied to both inputs. 
It is expressed as a percent of full scale. Accuracy is not 
specified for the MCI594 because error terms can be nulled 
by the user. 


Temperature Stability (Drift) 

Each term defined above will have a finite drift with tempera¬ 
ture. The temperature specifications are obtained by re¬ 
adjusting the multiplier offsets and scale factor at each new 
temperature (see previous definitions and the adjustment 
procedure) and noting the change. 

Assume inputs are grounded and initial offset voltages have 
been adjusted to zero. Then output voltage drift is given by: 

'SVo = ±(K+K (TCK) (AT) 1 [ (TCV|ox) ("T) ) ( (TCVjoy) 
(AT) ] ± (TCVoo) (AT) 


Total DC Accuracy Drift 

This is the temperature drift in output voltage with 10 volts 
applied to each input. The output is adjusted to 10 volts at 
T/:^ = +25°C. Assuming initial offset voltages have been 
adjusted to zero at Ta = ■•■25°C, then: 

Vo = [K±K (TCK) (AT) 1(10 ± (TCViqx) ("T) )(10 + 
(TCVioy) (AT) 1 ± (TCVoo) 


Power Supply (Rejection 

Variation in power supply voltages will cause undesired 
variation of the output voltage. It is measured by super¬ 
imposing a 1-volt, lOO-Hz signal on each supply (±15 V) 
with each input grounded. The resulting change in the out¬ 
put is expressed in mV/V. 


6.10 Output Voltage Swing 

Output voltage swing capability is the maximum output 
voltage swing (without clipping) into a resistive load (note- 
output offset is adjusted to zero). 

If anop-ampl. is used, the multiplier output becomes a virtual 
ground — the swing is then determined by the scale factor 
and the op-ampi, selected. 


GENERAL INFORMATION INDEX 


1. CIRCUIT DESCRIPTION 

1.1 Introduction 

1.2 Regulator 

1.3 Multiplier 

1.4 Differential Current Converter 

2. DC OPERATION 

2.1 Selection of External Components 

2.2 Operational Amplifier Selection 

2.3 Stability 

2.4 Offset Adjustment 

2.5 Offset and Scale Factor Adjustment Procedure 

2.6 Temperature Stability 

2.7 Bias Currents 

2.8 Parasitic Oscillation 

3. AC OPERATION 

3.1 General 

3.2 Bandwidth 

3.3 Slew-Rate 

3.4 Phase-Vector Error 

3-5 Circuit Layout 

4. DC APPLICATIONS 

4.1 Squaring Circuit 

4.2 Divide 

4.3 Square Root 

5. AC APPLICATIONS 

5.1 Wideband Amplifier with Linear AGC 

5.2 Balanced Modulator 

5.3 Frequency Modulator 

5.4 Amplitude Modulator 

5.5 Phase Detector 

6. DEFINITIONS OF SPECIFICATIONS 

6.1 Multiplier Transfer Function 

6.2 Linearity 

6.3 Input Offset Voltage 

6.4 Output Offset Current and Voltage 

6.5 Scale Factor 

6.6 Total DC Accuracy 

6.7 Temperature Stability (Drift). 

6.8 Total DC Accuracy Drift 

6.9 Power Supply Rejection 

6.10 Output Voltage Swing 
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Specificai 


Sind Applications Infoi*mation 


WIDEBAND MONOLITHIC i 

FOUR-QUADRANT MULTIPLIER 

. . . designed for uses where the output is a linear product of two 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include: multi¬ 
ply, divide*, square root*, mean square*, phase detector, frequency 
doubler, balanced modulator/demodulator, electronic gain control. 
•When used with an operational amplifier. 

• Wide Bandwidth 

• Excellent Linearity — 1% max Error on X-Input, 2% max Error on 

Y-Input- MC1595L 

• Excellent Linearity — 2% max Error on X-Input, 4% max Error on 

Y-Input - MC1495L 

• Adjustable Scale Factor, K 

9 Excellent Temperature Stability 

• Wide Input Voltage Range-+ 10 Volts 

• ± 15 Volt Operation 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 




8 
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ELECTRICAL CHARACTERISTICS (V^ = +32V. v- = -l5 V. Ta = + 25 OC, 13 = 113 = 1 mA, Rx = Ry = 15 kfi, 

Rl= 11 unless otherwise noted) 


1 Characteristic _ j 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Linearity: 








Output Error in Percent of Full Scale: 


5 





% 

Ta = +250c 








-10<Vx<+10(Vy=±10 V) 

MCI 495 


Erx 

- 

± 1.0 

+ 2.0 



MCI 595 



1 , ‘ - 

+ 0.5 

+ 1.0 


-10<Vy<+10(Vx=±10V) 

MCI 49 5 


Ery 

- 

± 2.0 

+ 4.0 



MCI 595 



- 

+ 1.0 

+ 2.0 


TA = 0 to +70°C 

MC1495 







-10< Vx< +10 (Vy =±10 V) 



Erx 

- 

± 1.5 

- 


-10<Vy<+ 10(Vx = ±10 V) 



Ery 

- 

±3.0 

- 


Ta = - 55 OC to +125°C 

MCI 595 







-10< Vx<+10 (Vy =±10 V) 



Erx 

- 

± 0.75 

- 


-10< Vy<+ 10 (Vx = ±10 V) 



ErY 


+ 1.50 

- 


Squaring Mode Error: 




■IIIIIIH 




Accuracy in Percent of Full Scale After 


5 

Esq 




% 

Offset and Scale Factor Adjustment 








Ta = +250C 

MC1495 




+ 0.75 




MCI 595 




+ 0.5 



Ta = 0 to +70^0 

MCI 495 




± 1.0 



TA = -550Cto+1250C 

MCI 595 




+ 0.75 



Scale Factor (Adjustable) 








2Rl , 








(K= -) 



K 


0.1 . 

— 

_ 

I 3 Rx Ry 








Input Resistance 

MCI 495 


Rinx 


20 


MegOhms 

(f=20Hz) 

MCI 595 




35 




MCI 495 


Riny 


20 




MCI 595 




35 

B9IIII 


1 Differential Output Resistance (f = 20 Hz) j 

8 

Ro 


300 

-■ 

k Ohms , 

Input Bias Current 




■{■i 




(I 9 + I 12 ) . ( 14 + 13 ) 

MCI 495 

6 

'bx 


2.0 

12 

mA 


MCI 595 




2.0 

8.0 



MC1495 




2.0 

12 



MCI 595 




2 0 

8.0 


Input Offset Current 








II 9 -I 12 I 

MC1495 

6 

l^ioxl 

— 

0.4 

2.0 

mA 


MC1595 




0.2 

1.0 


I 14 - 'al 

MC1495 


1' ioy 1 

- 

0.4 




MCI 595 



- 

0.2 

1 1-0 1 


Average Temperature Coefficient of 


6 

-1 

o 

■■■I 


■■llll 

nA/°C 

Input Offset Current 

j 







(Ta = 0 to +70°C) 

MC1495 







(Ta=- 55°Cto+125°C) 

MC1595 




mm 



Output Offset Current 


6 

mmm 




mA 

II 14 -I 2 I 

MC1495 




20 

100 



MCI 595 




10 

50 


Average Temperature Coefficient of 


6 

ItCiooI 




nA/°C 

Output Offset Current 








(Ta = 0 to +70°C) 

MCI 495 




1.0 



(Ta = - 55 OC to +I 25 OC) 

MCI 595 




1.0 



Frequency Response 








3.0 dB Bandwidth, Rl = 11 kfi 


9,10 

BW3tJB 


3.0 


MHz 

3.0 dB Bandwidth, Rl = 50 (Transconductance Bandwidth) 


TBW3dB 


80 


MHz 

3° Relative Phase Shift Between Vx and Vy 



10 


750 


kHz 

1 1% Absolute Error Due to Input-Output Phase Shift 




30 

in 

kHz' 

Common Mode Input Swing 


11 

CMV 




Vdc 

(Either Input) 

MC1495 



±10.5 

±12 




MCI 595 



±1.1.5 

±13 

m 


Common Mode Gain 


11 

Acm 




dB 

(Either Input) 

MC1495 



-40 

-50 




MCI 595 



-50 

-60 



Common Mode Quie^ent 


12 

Vo1 

- 

21 

- 

Vdc 

Output Voltage 



Vo2 

- 

21 

- 


1 Differential Output Voltage Swing Capability 

9 

Vo 

- 

±14 

- 

Vpeak 

Power Supply Sensitivity 


1(2 

S+ 

- 

5.0 

- 

mV/V 




S' 

- 

10 

■ - 


Power Supply Current 

12 

'7 

- 

6.0 

7.0 

mA 

DC Power Dissipation 

12 

Pd 

- 

135 

170 

, mW 
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MAXIMUM RATINGS (T* = + 25 °C unless otherwise noted) 



Rating 

Symbol 

Value 

Applied Voltage 

(V2-V1, V14-V1, V1-V9, V1-V12. V1-V4, 

Vi—Vs, V12—V7, V9-V7, V8-V7, V4-V7) 

AV 

30 

Differential Input Signal 

V12-V9 

V4-V8 

2(6+1 13 Rx) 
±(6+13 Ry) 

Maximum Bias Current 

•3 

•13 

10 

10 

Power Dissipation (Package Limitation) 

Ceramic Package 

Derate above Ta = + 25 °C 

Pd 

750 

5.0 

Operating Temperature Range 

Ta 


MC 1495 


0 to +70 

MCI 595 


-55 to +125 

Storage Temperature Range 

Tstg 

-65 to +150 



TEST CIRCUITS 
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TEST CIRCUITS (continued) 


FIGURE 6 - INPUT AND OUTPUT CURRENT 

RY = 15k Rx = 16k ^32 V 



ei = -1.0 V (fms) 
20 Hz 


FIGURE 7 - INPUT RESISTANCE 

RY = 15k Rx = 15k 


50 60 6l0 0" 

10M 4 I— T T _ X 1 9.1k 




1.0 M 9 

—O- .. . MC1696L 2 11k 

62 8 (MC1495L) -O-VW 


12k 13.75 k 

Ti 

0.1> ■ 


4U4 


1.0 M ( 

r ^ 


? 12k 


> 5.0 k 


R|NX = R|NY = 6 - - 2 
162 I 


FIGURE 8 - OUTPUT RESISTANCE 

RY = 15k Rx = 15k -^32 V 


4 ? ” , 9.1k 


MC1595L 
8 (MC1495L) 


2 RL=11k 


FIGURE 9 - BANDWIDTH (Rl = 11 k^2) 

RY = 16 k Rx = 15 k '^32 V 


2 

Pa^rVaM 

-JJX—* 

14 

11k 


3<b 76 136 e, -11' 

5 17 k r! i l.av(rms) 'X' 

kL? 13.7 k 20 Hz - 


ADJUST. I—4 4 

-r- -15 V 


Ro = Rl|,;-2| 


lOV ^ 3 X X7~ r,3 ^ 

L I 13.7 k> 

- >12k I—1 

f ^O.ImF -t- 

L ^60 

SCALE p^?5.0k — -i I 

FACTOR If —I— n 

ADJUST. 1—t it ~1~ 


FIGURE 10 - BANDWIDTH (R|, = 50 SI) 

RY = 610 Rx = 510 

pAAAri rA/W-i 

^ 65 66 610116 , 

ein = 1.0 V (rms) _ i J-1—I—^-U JL 


MC1595L 

(MC1495L) 


FIGURE 11 - COMMON-MODE GAIN and 
COMMON-MODE INPUT SWING 

15 k 15 k 
rAAAq rAAAq 

50 60 0 10 611 


IV1C1595L 

(MC1495L) 
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OPERATION AND APPLICATIONS INFORMATION 


1. Theory of Operation 


2.1.2 3 dB-Bandwidth and Phase Shift 


The MC1595 (MC1495) is a monolithic, four-quadrant multi¬ 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application Note 
AN-489, Analysis and Basic Operation of the MCI 595. The result 
of this analysis is that the differential output current of the multi¬ 
plier is given by 


Ia - Ib = 


2 VxVy 

RxRyla 


where 1^ and l 0 are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals. 

2. Design Considerations 

2.1 General 

The MCI595 (MCI495) permits the designer to tailor the 
multiplier to a specific application by proper selection of ex¬ 
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g. maximum output voltage swing). 
Each important parameter is discussed in detail in the following 
paragraphs. 

2.1.1 Linearity, Output Error, Erx or Ery 

Linearity error is defined as the maximum deviation of out¬ 
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure below). 

_ L 

f”'^E max 

10 V 
or Vy 



For example, if the maximum deviation, VE(^ax)< 
±100 mV and the full scale output is 10 volts, then the 
percentage error is 


^ VEimax) 100x10-3 

Er =-—— X 100 =- 

'^o(max) 10 


X 100 = +1.0%. 


Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. If wideband operation 
is desired, low value load resistors and/or a wideband operational 
amplifier should be used. Stray output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels). If the input to output 
phase shift is only 0 . 6 °, the output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be¬ 
tween Vx and Vy results in a vector error of 5%. 

2.1.3 Maximum Input Voltage 

Vx(max)/ '/Y(max) maximum input voltages must be such 
that: 

Vx(max) <'13 Ry 
V yimax) <'3 Ry- 

Exceeding this value will drive one-side of the input amplifier to 
“cutoff" and cause non-linear operation. 

Currents l 3 and I i 3 arechosen at a convenient value (observ¬ 
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0mA. Then Rxand Ry can be determined by 
considering the input signal handling requirements. 


For Vx(max) = VY(max) = 10 volts; 

Rx = Ry > - • = 10 ka. 

^ ^ 1.0 mA 


The equation Ia • “ 


2 VxVy 

RxRyI3 


is derived from Ia ■ *6 


2 VxVy 


(Rx+^l (Ry 
Ph3 


Ql3 


> (3 


„ ^ 2kT „ ^ 2kT 

with the assumption Kx ^- and Ry ^- • 

qii 3 9(3 

AtTA = +25°Cand Ii 3 = 13 = 1 mA, 


Linearity error may be measured by either of the following 
methods: 

1. Using an X — Y plotter with the circuit shown in Figure 5, 
obtain plots for X and Y similar to the one shown above. 

2. Use the circuit Of Figure 4. This method nulls the level 
shifted output of the multiplier with the original input. 
The peak output of the null operational amplifier will be 
equal to the error voltage, VE(max)- 

One source of linearity error can arise from large signal non¬ 
linearity in the X ahd Y-input differential amplifiers. To avoid 
introducing error froth this source, the emitter degeneration 
resistors Rx and Ry must be chosen large enough so that non¬ 
linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of Rx and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e.) 13 = 1 13 = 1.0 mA). 


9 I 13 9(3 

Therefore, with Rx = Ry =10 kf 2 the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx(max) o*' 
VY(max) due to V^ and V 7 . Exceeding these limits will cause 
saturation or "cutoff" of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 

2.1.4 Maximum Output Voltage Svving 

The maximum output voltage swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximurn output swing is dependent 
upon V*" for positive swing and upon the voltage at pin 1 for 
negative swing. The potential at pin 1 determines the quies¬ 
cent level for transistors Q 5 , Qg, Q 7 , and Qg- This potential 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


If an operational amplifier is used for level shift, as shown 
in Figure 21, the output swing (of the multiplier) is greatly 
reduced. See Section 3 for further details. 

3. General Design Procedure 

Selection of component values is best demonstrated by the 
following example: assume resistive dividers are used at the X and 
Y inputs to limit the maximum multiplier input to ±5.0 volts (Vx = 
''Y{maxpf°'’a ilO-volt input (Vx' = Vv'fmax] >• (SeeFigure 21). 
If an overall scale factor of 1/10 is desired, then 

Vx-Vy' J2Vx)(2Vy) 

10 10 

Therefore, K = 4/10 for the multiplier (excluding the divider 
network). 

Step 1. The first step is to select current I 3 and current 1 13 . 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. I 3 and 1 13 will normally 
be one or two milliamperes. Further, I 3 does not have to be equal 
to 1 13 , and there is normally no need to make them different. For 
this example, let 

I 3 = Il 3 = 1 mA. 

To set currents I 3 and I 13 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be¬ 
tween pin 3 and ground. From the schematic shown in Figure 3, 


FIGURE 21 - MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 


-tSV -16V 



should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform¬ 
ation regarding selection of these potentials. 


FIGURE 20 BASIC MULTIPLIER 



8-82 











MC1495L, MC1595L 


OPERATION AND APPLICATIONS INFORMATION (continued) 


it can be seen that the resistor values necessary are given by: 


R13 + 500 n = 
R 3 + 500 Q = - 


IVl-0.7 V 
*13 

|V~| -0.7 V 

I 3 


Let V = -15 V 


Then 


Ri 3 + 500 = 


14.3 V 
1 mA 


or R 13 = 13.8 kn 


Let R 13 = 12 kn 
Similarly, R 3 = 13.8 kn 
Let R 3 = 15 kn 


region when the maximum input voltages are applied (Vx' = Vy’ = 
10 V or Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors Q 3 and Q 4 ars at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to 
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7.0 volts. Let Vi = 9.0 Vdc . 

Since the current following into pin 1 is always equal to 
2 I 3 , the voltage at pin 1 can be set by placing a resistor, Ri from 
pin 1 to the positive supply: 


^-Vi 

21 


However, for applications which require an accurate scale factor, 
the adjustment of R 3 and consequently, I3, offers a convenient 
method of making a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R 3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor (balanced 
modulator, frequency doubler, AGC amplifier, etc.), pins 3 and 13 
can be connected together and a single resistor Irom pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one-half the above calculated value for R 13 . 

Step 2. The next step is to select Rx and Ry. To insure 
that the input transistors will always be active, the following condi¬ 
tions should be met: 


Let V+ = +15V 


Then 


15 V -9 V 
(2)(1 mA) 


Rl = 3 kn. 

Note that the voltage at the base of transistors Q 5 , Qg, Q 7 and Qg 
is one diode-drop below the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approxi.Tiately halfway between the voltage at pin 1 and the positive- 
supply voltage. For this example, the voltage at pins 2 and 14 should 
be approximately 11 volts. 




<'13 



A good rule of thumb is to make IgRy > 1.5 Vy(r„ax) aud 

Il3 RX> 1.5 Vx(max)- 

The larger the l 3 Ry and I 13 RX product in relation to Vy 
and Vx respectively, the more accurate the multiplier will be (see 
Figures 17 and 18). 


Step 5. Level Shifting 

For dc applications, such as the multiply, divide and square- 
root functions, it is usually desirable to convert the differential 
output to a single-ended output voltage referenced to ground. 
The circuit shown in Figure 22 performs this function. It can be 
shown that the output voltage of this circuit is given by: 

Vo = (I2-'14)Rl 


Let Rx " “10 

Then 1 3 Ry = 10 V 
I 13 Rx= 10 V 

since Vx(max) “ '^Ylmax) “ 5.0 volts the value of Rx = Ry " 10 kfi 
is sufficient. 

Step 3. Now that Rx, Ry and I 3 have been chosen, Rl can 
be determined: 

RxRy's 10 

or ( 2 ) (Rl) 4 

(10k) (10k) (1 mA) 10 

Thus Rl = 20 kn. 

Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors Qi, Q 2 , Q 3 and Q 4 in an active 


2IxIy 2VxVy 
And since (a “'b = '2 14 = "1^ “ IsR^ 

2 RLVx'Vy' 

Then Vo =- 

4RxRx) 3 where Vx’Vy' is the voltage at the 
input to the voltage dividers. 


FIGURE 22 - LEVEL SHIFT CIRCUIT 

v+ 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


The choice of an operational amplifier for this application 
should have low bias 6 urrents, low offset current, and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556, and MC1741 operational amplifiers 
meet these requirements. 

Referring toFigure21,the level shift components will be de¬ 
termined. When Vx = Vy = 0, the currents I 2 and 1 14 will be equal 
to Its. In Step 3, R|_ was found to be 20 kn and in Step 4, V 2 and 
Vi 4 were found to be approximately 11 volts.' From this informa¬ 
tion, Rg can be found easily from the following equation (neglect¬ 
ing the operational amplifiers bias current): 


V2 

— + 113 = 

Rl 


V+-V 2 

Ro 


And for this example, 11V 
20 kn 


+ 1 mA 


15 V-11 V 
Ro 


possible as shown in Figure 23 where Ry has been increased sub¬ 
stantially to improve the Y linearity, and Rx decreased somewhat 
so as not to materially affect the X linearity, this avoids increasing 
Rl significantly in order to maintain a K of 0.1. 

The versatility of the Mtl595 (MC1495) allows the user to 
to optimize its performance for. various input and output signal 
levels. 


4. Offset and Scale Factor Adjustment 
4.1 Offset Voltages 

Within the monolithic multiplier (Figure 3) transistor base- 
emitter junction^ are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match¬ 
ing, an output error can occur. This output error is comprised 
of X-input offset voltage, Y-input offset voltage, and output- 
offset voltage. These errors can be adjusted to zero with the tech¬ 
niques shown in Figure 21. Offset terms can be shown ana¬ 
lytically by the transfer function; 


Solving for Rq, Rq = 2.6 kfJ 


Vq = *<(Vx ± VioxiVx off* •'^Y i ViOY^Vy off) ± Vqo 


Thus, select Rg = 3.0 kfi 

For Rq = 3.0 kn, the voltage at pins 2 and 14 is calculated to be 
V 2 = Vi 4 = 10.4 volts. 

The linearity of this circuit (Figure 21) is likely to be as good 
or better than the circuit of Figure 5. Further improvements are 


Where K 

Vx = 
Vy = 
V|OX = 
V|OY = 
VXoff = 
Vy off = 
VqO 


scale factor 
X input voltage 

Y input voltage 

X input offset voltage 

Y input offset voltage 

X input offset adjust voltage 

Y input offset adjust voltage 
output offset voltage. 


FIGURE 23 - MULTIPLIER WITH IMPROVED LINEARITY 


-15V -15V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


X, Y and Output Offset Voltages 



For most dc applications, all three offset adjust potentiome¬ 
ters (Pi, P2, P4) will be necessary. One or more offset adjust 
potentiometers can be el iminated for ac appi ications (See F igures 
28,29,30,31). 

If well regulated supply voltages are available, the offset ad¬ 
just circuit of Figure 13 is recommended. Otherwise, the circuit 
of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 

4.2 Scale Factor 

The scale factor, K, is set by P3(Figure 21). P3 varies (3 which 
inversely controls the scale factor K. It should be noted that 
current 13 is one-half the current through Ri. Ri sets the bias 
level for Q5, Q0, Q7, and 03 (See Figure 3). Therefore, to be 
sure that these devices remain active under all conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges (see Section 3, General Design Procedure). 

4.3 Adjustment Procedures 

The following adjustment procedure should be used to null 
the offsets and set the scale factor for the multiply mode of 
operation. (See Figure 21) 

1. X Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“Y" input (pin 4) 

(b) Connect "X" input (pin 9) to ground 

(c) Adjust X offset potentiometer, P2, for an ac null 
at the output 

2. Y Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
"X" input (pin 9)- 

(b) Connect "Y" input (pin 4) to ground 

(c) Adjust "Y" offset potentiometer, Pi,for an ac null 
at the output 

3. Output Offset 

(a) Connect both "X" and "Y" inputs to ground 

(b) Adjust output offset potentiometer, P4, until the 
output voltage Vq is zero volts dc 

4. Scale Factor 

(a) Apply +10 Vdc to both the "X" and "Y" inputs 

(b) Adjust P3 to achieve + 10.00 V at the output. 

5. Repeat steps 1 through 4 as necessary. 

Theability to accurately adjust the MCI 595 (MC1495) 
depends upon the characteristics of potentiometers Pi 
through P4. Multi-turn, infinite resolution potentiomet¬ 
ers with low-temperature coefficients are recommended. 

5. DC Applications 
5.1 Multiply 

The circuit shown in Figure 21 may be used to multiply 
signals from dc to 1(X) kHz. Input levels to the actual multi¬ 
plier are 5.0 V (max). With resistive voltage dividers the maxk 
mum could be very large — however, for this application two- 
to-one dividers have been used so that the maximum input 
level is 10 V. The maximum output level has also been deigned 
for 10 V (max). 


5.2 Squaring Circuit 

If the two inputs are tied together, the resultant function is 
squaring; that is Vq = KV2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment 
potentiometers, thus eliminating one of the input offset adjust¬ 
ments. Procedures for nulling with adjustments are given as 
follows: 

1. AC Procedure: 

(a) Connect oscillator (1 kHz, 15 Vpp) to input 

(b) Monitor output at 2 kHz with tuned voltmeter 
and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(c) Tune voltmeter to 1 kHz and adjust Pi for a min¬ 
imum output voltage 

(d) Ground input and adjust P4 (output offset) for 
zero volts dc output 

(e) Repeat steps a through d as necessary. 

2. DC Procedure: 

(a) Set Vx = Vy = 0 V and adjust P4 (output offset 
potentiometer) such that Vq = 0.0 Vdc 

(b) Set Vx ^ Vy = 1.0 V and adjust Pi (Y input 
offset potentiometer) such that the output voltage is 
+ 0.1(X) volts 

(c) Set Vx = Vy = 10 Vdc and adjust P3 such that the 
output voltage is + 10.(X) volts 

(d) Set Vx = Vy = -10 Vdc. Repeat steps a through 
d as necessary. 


FIGURE 24 - BASIC DIVIDE CIRCUIT 



5.3 Divide Circuit 

Consider the circuit shown in Figure 24 in which the multi¬ 
plier is placed in the feedback path of an operational amplifier. 
For this configuration, the operational amplifier will maintain 
a "virtual ground" at the inverting (-) input. Assuming that the 
bias current of the operational amplifier is negligible, then li = 
I2 and 


KVxVy _-Vz 



RI R2 

(1) 

Solving for Vy, 

-RI Vz 
=R2 K Vx* 

(2) 

If R1 = R2 

-Vz 

Vy =- 

KVx 

(3) 

If RI = KR2 

-Vz 

(4) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


Hence, the output voltage is the ratio of to Vx and provides 
adivide function. This analysis is, of course, the ideal condition. 
If the multiplier error is taken into account, the output voltage 
is found to be 


■ R1 1 Vz A 

R2KJVx iwx 


(5) 


where aE is the error voltage at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier can be 
set, particularly at small values of Vy. For example, assume 
that R1 = R2, and K = 1/10. For these conditions the output 
of the divide circuit Is given by: 


Vy = 


-10 Vz 

Vx 


10 AE 


( 6 ) 


From equation 6 , it is seen that only when Vx = 10 V is the 
error voltage of the divide circuit as low as the error of the 
multiply circuit. For example, when Vx is small, (0.1 volt) 
the error voltage of the divide circuit can be expected to be a 
hundred times the error of the basic multiplier circuit. 

In terms of percentage error. 


percentage error =-x 100 % 

actual 


or from equation (5), 


AE 


From equation 7, the percentage error is inversely related to 
voltage Vz (i.e., for increasing values of Vz, the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. 

Two things should be emphasized concerning Figure 25. 

1. The input voltage (V'x) must be greater than zero and 
must be positive. This insures that the current out of 
pin 2 of the multiplier will always be in a direction com¬ 
patible with the polarity of Vz 

2. Pins 2 and 14 of the multiplier have been interchanged 
in respect to the operational amplifiers input terminals. 
In this instance. Figure25differsfrom the circuit connec¬ 
tion shown in Figure 21; necessitated to insure negative 
feedback around the loop. 

A Suggested Adjustment Procedure for the Divide Circuit 

1. Set Vz = 0 volts and adjust the output offset potentio¬ 
meter (P 4 ) until the output voltage (Vq) remains at some 
(not necessarily zero) constant value as Vx' is varied 
between -H .0 volt and -HO volts. 

2. Keep Vz at 0 volts, set Vx' at -HO volts and adjust the 
Y input offset potentiometer (Pi) until Vq = 0 volts. 

3. Let Vx' = Vz and adjust the X input offset potentio¬ 
meter (P 2 ) until the output voltage'remains at some (not 
necessarily - 10 volts) constant value as Vz = Vx' is 
varied between-tl .0 and-HO volts. 

4. Keep Vx' = Vz arid adjust the scale factor potentiometer 
(P 3 ) until the average value of Vq is -10 volts as Vz = 
Vx' is varied between + 1.0 volt and +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti¬ 
mum performance. 


p.e.d 


KVx 




Vz 


5.4 Square Root 

A special case of the divide circuit in which the two inputs to 
the multiplier are connected together is the square root function 


FIGURE 25 - DIVIDE CIRCUIT 


-I5V -15V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 26 - BASIC SQUARE ROOT CIRCUIT 



as indicated in Figure 26. This circuit may suffer from 
latch-up problems similar to those of the divide circuit. Note 
that only one polarity of input is allowed and diode clamping 
(see Figure 27) protects against accidental latch-up. 

This circuit also may be adjusted in the closed-loop mode as 
follows: 

1. Set to -0.01 volts and adjust P4 (output offset) for 
Vq = -1-0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out¬ 
put diode clamping. 

2. Set V2 to -0.9 volts and adjust P2 (X adjust) for Vq = 
+3.0 volts. 

3. Set V2 to -10 volts and adjust P3 (scale factor adjust) 
for Vq = +10 volts. 

4. Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 


6 . AC Applications 

The applications that follow demonstrate the versatility of the 
monolithic multiplier. If a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units have circuits that, although they optimize dc multiplication 
operation, can hinder ac applications. 

6.1 Frequency doubling often Is done with a diode where the 
■ fundamental plus a series of harmonics are generated. However, 
extensive filtering is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
is small in magnitude and requires amplification. ' 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for adc term, which can 
be removed with ac coupling. 

Bq = KE2 cos^ ojt 
Ke2 

= - (1 + cos 2u)t). 

2 


A potted multiplier can be used to obtain the double fre¬ 
quency component, but frequency would be limited by its 
internal level-shift amplifier. In the monolithic units, the ampli¬ 
fier is omitted. 

In a typical doubler circuit, conventional ± 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre¬ 
quency; less than 1% distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 

A slightly modified version of the MC1595 (MC1495) - 
the MCI596 (MCI496) — has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28.) 

6.2 Figure 29 represents an application for the monolithic 
multiplier as a balanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 


FIGURE 27 - SQUARE ROOT CIRCUIT 


-KSV -I5V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 28 - FREQUENCY DOUBLER 


The defining equation for balanced modulation is 


By Rx 

8.2 k 8.2 k Vcc = *'5V 



KIEmCOscum*) {BqCOs ljqX) = 

KEcEm 

^ [cos ( oJq t" cut t" 'COS (— u.'mi ^) 

where uip is the carrier frequency, u>m is the modulator fre¬ 
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans¬ 
lation or an operational amplifier; a higher operating frequency 
results. 

A problem common to communications is,to extract the 
intelligence from single-sideband received signal. The ssb signal 
is of the form 

essb = A cos (u)c + 

and if multiplied by the appropriate carrier waveform, cos u>Qt, 


Wlien two equal cosine waves ate applied to X and Y, 
the result isawave shape of twice the input frequency. 
For this example the input wasa 10 kHz signal, output 
was 20 kHz. 


FIGURE 29 - BALANCED MODULATOR 

••15 V 




®ssb®carrier = ^ (utgit]. 

If the frequency of the band-limited carrier signal, utc' ascer¬ 
tained in advance the designer can insert a low-pass fitter and 
obtain the (AK/2) (cos u>ct) term with ease. He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. But in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 

6.3 Amplitude Modulation 

The multiplier performs amplitude modulation, similar to 
balanced modulation, when adc term is added to the modulating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 

Here, the identity is 


Em( 1 + m cos uimt) E,- cos cjj-t = KE^pEgCOs cugt + 
K E rpE gm 

-[cos(cug + LUrpIt + cos (tUg - ujm)t] 


where m indicates the degree of modulation. Since m is adjust¬ 
able, via potentiometer P-], 100% modulation is possible. With¬ 
out extensive tweaking, 96% rnodulation may be obtained where 
tUg and Wfp are the same as in the balanced-modulator example. 


6.4 Linear Gain Control 

To obtain linear gain control, the designer can feed to one 
of the two MC1595 (MC1495) inputs a signal that will vary the 
unit’s gain. The following example demonstrates the feasibility 
of this application. Suppose a 200 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vq is 0 to -t-I.O volt. 
These must be ascertained and the proper values of Rx and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed. It may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31.) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 30 - AMPLITUDE MODULATION 


Ry Rx 

8.2k 8.2k Vcc- ''5V 



The signal is applied to the unit's Y input. Since the total 
input range is limited to 1.0 volt p-p, a 2.0-volt swing, a current 
^urce of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1.0 mA and the Rx value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range. 

Choosing Rl= lOOassureswide-bandwidth operation. Hence, 
the scale factor for this configuration is 

Rl 

^ RxRy's 

100 

=-V-1 

(2 k)(1 k)(2 X 10+3) 



The 2 in the numerator of the equation is missing in this scale- 
factor expression because the output is single-ended and ac 
coupled. 

To recover the gain, an MC1552 video amplifier with a gain 
of 40 is used. An operational amplifier also could have been 
used with frequency compensation to allow a gain of 40 at 
200 kHz. The MCI539 operational amplifier can be tailored for 
this use; and the MCI520 operational amplifier does it directly. 


FIGURE 31 - LINEAR GAIN CONTROL 

•12 V 
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3. GENERAL DESIGN PROCEDURES 
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BALANCED MODULATOR - DEMODULATOR 

. . . designed for use where the output voltage is a product of an 
input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carrier arid amplitude modulation, 
synchronous detection, FM detection, phase detection, and chopper 
applications. See Motorola Application Note AN-531 for additional 
design information. 

• Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz 

— 50 dB typ @ 10 MHz 

• Adjustable Gain and Signal Handling 

• Balanced Inputs and Outputs 

• High Common-Mode Rejection — 85 dB typ 


BALANCED 

MODULATOR - DEMODULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




FIGURE 1 - 

SUPPRESSED CARRIE R 
OUTPUT WAVEFORM 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1496 only) 




FIGURE 2 - 

SUPPRESSED CARRIER 
SPECTRUM 




FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM 


FIGURE 3 - 

AMPLITUDE-MODULATION 
OUTPUT WAVEFORM 
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MAXIMUM RATINGS* (Ta = +25°C unless otherwise noted) 


-:-^^- 1 

Rating 

Symbol 

Value 

Unit 

Applied Voltage 

AV 

30 

Vdc 

(Vg - V 7 , Vg - Vi, Vg - V 7 , Vg - Vg, V 7 - V 4 , V 7 - Vi, 




Vg - V 4 , Vg - Vg, V 2 - V 5 , V 3 - V 5 ) 




Differential Input Signal 

V 7 - Vg 

+5.0 

Vdc 


V 4 - Vi 

.±(5+l5Rg) 


Maximum Bias Current 

I 5 

10 

mA 

Power Dissipation (Package Limitation) 

Pd 



Ceramic Dual In.Line Package 


575 

mW 

Derate above Ta =+25°C 


3.85 

mW/°C 

Derate above Ta = +25°C 


4.6 

mW/°C 

Operating Temperature Range 

Ta 


°C 

MC1496 


0 to +70 


MCI 596 


-55 to +125 


Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS* (Vcc = +12 Vdc, VgE = -8.0 Vdc, I 5 = 1.0 mAdc, Rl = 3.9 kL2, Rg = 10 kU 
Ta = +25°C unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noted.) 


Characteristic 


Carrier Feedthrough 

Vq = 60 mVIrms) sine wave and fc = 1.0 kHz 

offset adjusted to zero f(;= 10 MHz 

Vq - 300 mVp-p square wave: 

offset adjusted to zero fQ=1.0kHz 

offset not adjusted fC=1.0kHz 


Carrier Suppression 
15 = 10 kHz, 300mV(rms) 
fc = 500 kHz, 60 mV(rms) sine wave 
fc = 10 MHz, 60 mV(rms) sine wave 


Transadmittance Bandwidth (Magnitude) (Rl = 50 ohms) 
Carrier Input Port, Vq = 60 mV(rms) sine wave 
fs = 1.0 kHz, 300 mV(rms) sine wave 
Signal Input Port, Vs = 300 mV(rms) sine wave 
IVcl = 0.5 Vdc 


Signal Gain 

Vs = 100 mV(rms), f = 1.0 kHz; |Vcl = 0.5 Vdc 


Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 
.Parallel Input Resistance 
Parallel input Capacitance 


Single-Ended Output Impedance, f = 10 MHz 
Parallel Output Resistance 
Parallel Output Capacitance 


Input Bias Current 

I1 + I4 _l 7 + '8 
•bS-2— ' ~2— 


Input Offset Current 
'ioS = h - 14; hoc = '7 - '8 


Average Temperature Coefficient of Input Offset Current 
(Ta =-55°C to+125°C) 


Output Offset Current 

(I6-I9) 


Average Temperature Coefficient of Output Offset Current 
(Ta =-55°C to +12500 


Common-Mode Input Swing, Signal Port, fs = 1.0 kHz 


Common-Mode Gain, Signal Port, fs = 1.0 kHz, 
|Vcl = 0.5 Vdc 


Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 


Differential Output Voltage Swing Capability 


Power Supply Current 

'6+'9 

'10 


DC Power Dissipation 


* Pin number references pertain to this device when packaged in a metai can. To ascertain the corresponding pin numbers for plastic 1 
ceramic packaged devices refer to the first page of this specification sheet. 
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MC1496, MC1596 


GENERAL OPERATING INFORMATION * 


Note 1 — Carrier Feedthrough 

Carrier feedthrough is defined as the output voltage at carrier 
frequency with only the carrier applied (signal voltage = 0 ). 

Carrier null is achieved by balancing the currents in the differ¬ 
ential amplifier by means of a bias trim potentiometer (Ri of 
Figure 5), 

Note 2 — Carrier Suppression 

, Carrier suppression is defined as the ratio of each sideband out¬ 
put to carrier output for the carrier and signal voltage levels speci¬ 
fied. 

Carrier suppression is very dependent on carrier input level, as 
shown in Figure 22. A low value of the carrier does not fully 
switch the upper switching devices, and results in lower signal 
gain, hence lower carrier suppression. A higher than optimum car¬ 
rier level results in unnecessary device and circuit carrier feed¬ 
through, which again degenerates the suppression figure. The 
MCI 596 has been characterized with a 60 mV(rms) sinewave 
carrier input signal. This level provides optimum carrier suppres¬ 
sion at carrier frequencies in the vicinity of 500 kHz, and is 
generally recom.mended for balanced modulator applications. 

Carrier feedthrough is independent of signal level, V 5 . Thus 
carrier suppression can be maximized by operating with large sig¬ 
nal levels. However, a linear operating mode must be maintained 
in the signal-input transistor pair — or harmonics of the modulating 
signal will be generated and appear in the device output as spurious 
sidebands of the suppressed carrier. This requirement places an 
upper limit on input-signal amplitude (see Note 3 and Figure 20). 
Note also that an optimum carrier level is recommended -in Fig¬ 
ure 22 for good carrier suppression and minimum spurious side¬ 
band generation. 

At higher frequencies circuit layout is very important in order 
to minimize carrier feedthrough. Shielding may be necessary in 
order to prevent capacitive coupling between the carrier input 
leads and the output leads. 


base current, Pp = 2 I 5 (V 6 — V-iq) + I 5 (M 5 — Vigl where sub¬ 
scripts refer to pin numbers. 

Note 6 — Design Equations 

The following is a partial list of design equations needed to 
operate the circuit with other supply voltages and input condi¬ 
tions. See Note 3 for Rg equation. 

A. Operating Current 

The internal bias currents are set by the conditions at pin 5. 
Assume: 

15= >6 = I9 ’ ■ 

I Ic 3^' transistors 

then; 

R 5 = ^ -500 ft where: R 5 is the resistor between pin 

^ 5 and ground 

0 = 0.75 V at Ta = +25°C 

The MCI596 has been characterized for the condition I 5 = 1.0 
mA and is the generally recommended value. 

B. Common-Mode Quiescent Output Voltage 

■ . V6 = V9 = V+-I5Rl 

Note 7 — Biasing 

The MC1596 requires three dc bias voltage levels which must be 
set externally. Guidelines for setting up these three levels include 
maintaining at least -2 volts collector-base bias on all transistors 
while not exceeding the voltages given in the absolute maximum 
rating table; 


Note 3 — Signal Gain and Maximum Input Level 


30 Vdc a [(Vg, Vg) - (V 7 , Vb)] & 2 Vdc 


Signal gain (single-ended) at low frequencies is defined as the 
voltage gain. 


30 Vdc 2- [(V 7 , Vg) - (Vi, V 4 )] S 2.7 Vdc 


AVS=^ 




26 mV 
I 5 (mA) 


A constant dc potential is applied to tne carrier input terminals to 
fully switch two of the upper transistors "on" and two transistors 
"off" (Vq = 0.5 Vdc). This in effect forms a cascode differential 
amplifier. 

Linear operation requires'that the signal input be below a criti¬ 
cal value determined by and the bias current 15 


30 Vdc 2- [(V-i, V 4 ) - (V 5 )] 2 2.7 Vdc 

The foregoing conditions are based on the following approxima¬ 
tions: 

Vg = Vg, V7 = Vg, Vi = V4 

Bias currents flowing into pins 1, 4, 7, and 8 are transistor base 
currents and can normally be neglected if external bias dividers 
are designed to carry 1.0 mA or more. 


Vg £ I 5 Rp(Volts peak) 

Note that in the test circuit of Figure 10, Vg corresponds to a 
maximum value of 1 volt peak. 

Note 4 — Common-Mode Swing 

The common-mode swing is the voltage which may be applied 
to both bases of the signal differential amplifier, without saturating 
the current sources or without saturating the differential amplifier 
itself by swinging it into the upper switching devices. This swing 
is variable depending on the particular circuit and biasing condi¬ 
tions chosen (see Note 6 )., 


Note 8 — Transadmittance Bandwidth 

Carrier transadmittance bandwidth is the 3-dB bandwidth of 
the device forward transadmittance as defined by: 

ip (each sideband) , I 
^210 ~ V 5 (signal) | Vq = 0 

Signal transadmittance bandwidth is the 3-dB bandwidth of the 
device forward transadmittance as defined by: 

ip (signal) | 

v'21S “ Vj (signal) ( Vq = 0.5 Vdc, Vp = 0 


Note 5 — Power Dissipation , 

Power dissipation, Pq, within the integrated circuit package *Pin number references pertain to this device when packaged in a 

should be calculated as the summation of the voltage-current prod- metal can. To ascertain the corresponding pin numbers for plas- 

ucts at each port, i.e. assuming Vg = Vg, I 5 = 15 = 19 and ignoring tic or ceramic packaged devices refer to the first page of this 

specification sheet. 
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Note 9 — Coupling and Bypass Capacitors C-) and C 2 

Capacitors Ci and C 2 (Figure 5) should be selected for a re¬ 
actance of less than 5.0 ohms at the carrier frequency. 

Note 10 — Output Signal, Vq 

The output signal is taken from pins 6 and 9, either balanced 
or single-ended. Figure 12 shows the output levels of each of the 
two output sidebands resulting from variations in both the car¬ 
rier and modulating signal inputs with a single-ended output 
connection. 

Note 11 — Signal Port Stability 

Under certain values of driving source impedance, oscillation 
may occur. In this event, an RC suppression network should be 


TEST CIRCUITS 


connected directly to each input using short leads. This will reduce 
the Q of the source-tuned circuits that cause the oscillation. 


SIGNAL INPUT 
(PINS 1 & 4) 


510 

-AW- 


1 

T 


An alternate method for low-frequency applications is to insert 
a 1 k-ohm resistor in series with the inputs, pins 1 and 4. In this 
case input current drift may cause serious degradation of carrier 
suppression. 


FIGURE 5 - CARRIER REJECTION AND SUPPRESSION 


FIGURE 6 - INPUT OUTPUT IMPEDANCE 




FIGURE 7 - BIAS AND OFFSET CURRENTS FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH 


Vcc 

+12 Vdc 



vee 



vee 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
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TEST CIRCUITS (continued) 


FIGURE 9 - COMMON-MODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING 



VEE Vee 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 

TYPICAL CHARACTERISTICS (continued) 

Typical characteristics were obtained with circuit shown in Figure 5,fQ = 500 kHz (sine wave). 
Vq = 60 mV(rms), fs = 1 kHz, Vs = 300 mV(rms>. T/^ = +25°C unless otherwise noted. 


FIGURE 11 - SIDEBAND OUTPUT versus CARRIER LEVELS 



0 50 100 150 200 

CARRIER LEVEL (mVlrmslI 


FIGURE 12 - SIGNAL-PORT PARALLEL-EQUIVALENT 



1,0 6.0 10 50 100 

f, FREQUENCY (MHz) 


FIGURE 13 - SIGNAL-PORT PARALLEL-EQUIVALENT 
INPUT CAPACITANCE versus FREQUENCY 



FIGURE 14 - SINGLE-ENDED OUTPUT 
IMPEDANCE versus FREQUENCY 
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TYPICAL CHARACTERISTICS (continued) 

Typical characteristics were obtained with circuit shown in Figure 5, Iq = 500 kHz (sine wave), 
Vq = 60 mVIrms), f 3 = 1 k Hz, Vs = 300 mVCrms), =-t25°C unless otherwise noted. 


FIGURE 15 - SIDEBAND AND SIGNAL PORT 
TRANSADMITTANCES versus FREQUENCY 


FIGURE 16 - CARRIER SUPPRESSION 
versus TEMPERATURE 




-76 -50 -25 0 +25 -rBO ■t75 +100 +125 +150 +175 

Ta, AMBIENT TEMPERATURE (OC) 


FIGURE 17 - SIGNAL-PORT FREQUENCY RESPONSE 



0.01 0.1 1.0 10 100 
f, FREQUENCY (MHz) 


FIGURE 18 - CARRIER SUPPRESSION versus FREQUENCY 



0.05 0.1 ' 0.5 1.0 5.0 10 50 

fC, CARRIER FREQUENCY (MHz) 


19 - CARRIER FEEDTHROUGH versus FREQUENCY 



0.05 0.1 0.5 1.0 5.0 10 50 

fC, CARRIER FREQUENCY (MHz) 


FIGURE 20 - SIDEBAND HARMONIC SUPPRESSION 



0 200 400 600 800 


Vs, INPUT SIGNAL AMPLITUDE (mV[rms]) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC 
SIDEBANDS versus CARRIER FREQUENCY 



0.Q5 0.1 0.5 1.0 5.0 10 50 

fC, CARRIER FREQUENCY (MHr) 


FIGURE 22 - CARRIER SUPPRESSION 



OPERATIONS INFORMATION 


The MC1596/MC1496, a monolithic balanced modulator cir¬ 
cuit, is shown in Figure 23. 

This circuit consists of an upper quad differential amplifier 
driven by a standard differential amplifier with dual current 
sources. The output collectors are cross-coupled so that full-wave 
balanced multiplication of the two input voltages occurs. That is, 
the output signal is a constant times the product of the two input 
signals. 

Mathematical analysis of linear ac signal multiplication indi¬ 
cates that the output spectrum will consist of only the sum and 
difference of the two input frequencies. Thus, the device may be 
used as a balanced modulator, doubly balanced mixer, product 
detector, frequency doubler, and other applications requiring 
these particular output signal characteristics. 

The lower differential amplifier has its emitters connected to 
the package pins so that ap external emitter resistance may be 
used. Also, external load resistors are employed at the device 
output. 

Signal Levels 

The upper quad differential amplifier may be operated either 
in a linear or a saturated mode. The lower differential amplifier 
is operated in a linear mode for most applications. 

For low-level operation at both input ports, the output signal 
wi,ll contain sum and difference frequency components and have 
an amplitude which is a function of the product of the input signal 
amplitudes. 

For high-level operation at the carrier input port and linear 
operation at the modulating signal port, the output signal will 
contain sum and difference frequency components of the modu¬ 
lating signal frequency and the fundamental and odd harrnpnics of 
the carrier frequency. The output amplitude will be a constant 
times the modulating signal amplitude. Any amplitude variations 
in the carrier signal Will not appear in the output. 




Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices, refer to the first page of this specification sheet. 
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OPERATIONS INFORMATION (continued) 


The linear signal handling capabilities of a differential amplifier 
are well defined. With no emitter degeneration, the maximum 
input voltage for linear operation is approximately 25 mV peak. 
Since the upper differential amplifier has its emitters internally 
connected, this voltage applies to the carrier input port for all 
conditions. 

Since the lower differential amplifier has provisions for an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op¬ 
eration may be approximated from the following expression: 

V -|l 5 j iRgjvolts peak. 

This expression may be used to compute the minimum value of 
Rg for a given input voltage amplitude. 


FIGURE 25 - TABLE 1 

VOLTAGE GAIN AND OUTPUT FREQUENCIES 


Carrier Input 
Signal (Vc) 

Approximate 
Voltage Gain 

Output Signal 
Frequency(s) 

Low-level dc 

RlVc 

2 (RE + 2 re)(^) 

fM 

High-level dc 

Rl 

Re + 2 re 

♦m 

Low-level ac 

Rl Vc(rms) 
2 ‘v/2(*^)(RE + 2re) 

fCi^M 

High-level ac 

0.637 Rl 

Re + 2 rg 

fC ±f|VI. 3fc ±fM. 

5fC±fM. • ■ • 


The gain from the modulating signal input port to the output is 
the MC1596/IVlC1496gain parameter which is most often of interest 
to the designer. This gain has significance only when the lower 
differential amplifier is operated in a linear mode, but this includes 
most applications of the device. 

As previously mentioned, the upper quad differential amplifier 
may be operated either in a linear or a saturated mode. Approxi¬ 
mate gain expressions have been developed for the MCI 596/ 
MCI496 for a low-level modulating signal input and the following 
carrier input conditions: 

1) Low-level dc 

2) High-level dc 

3) Low-level ac 

4) High-level ac 

These gains are summarized in Table 1, along with the fre¬ 
quency components contained in the output signal. 

NOTES: 

1. Low-level Modulating Signal, V|y), assumed in all cases. 
Vq is Carrier Input Voltage 

2. When the output signal contains multiple frequencies, 
the gain expression given is for the output amplitude of 
each of the two desired outputs, fp + f|V) and fc - f|v|. 

3. All gain expressions are for a. single-ended output. For 
a differential output connection, multiply each expres¬ 
sion by two. 

4. Rl = Load resistance. 

5. Rg = Emitter resistance between pins 2 and 3. 

6 . tg = Transistor dynamic emitter resistance, at •l•25®C: 

26 mV 
I 5 (mA) 

7. K = Boltzmann's Constant, T = temperature in degrees 
Kelvin, q = the charge on an electron. 

26 mV at room temperature 


APPLICATIONS INFORMATION 


Double sideband suppressed carrier modulation is the basic 
application of the MCI 596/MCI496. The suggested circuit for 
this application is shown on the front page of this data sheet. 

In some applications, it may be necessary to operate the 
MCI 596/MCI 496 with a single dc supply voltage instead of dual 
supplies. Figure 26 shows a balanced modulator designed for 
operation with a single •^■12 Vdc supply. Performance of this cir¬ 
cuit is similar to that of the dual supply modulator. 

AM Modulator 

The circuit shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 

All that is required to shift from suppressed carrier to AM 
operation is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal. 

However, the suppressed carrier null circuitry as shown in 
Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator may be modified for AM operation by changing 
two resistor values in the null circuit as shown in Figure 28. 

Product Detector 

The MC1596/MC149@ makes an excellent SS8 product detec¬ 
tor (see Figure 29). 


This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an intermediate fre¬ 
quency of 9 MHz'. 

The detector is broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 flF capacitors on pins 7 and 8 should be increased to 
1.0 jUF. Also, the output filter at pin 9 can be tailored to a 
specific intermediate frequency and audio amplifier input im¬ 
pedance. 

As in all applications of the MCI 596/MCI 496, the emitter 
resistance between pins 2 and 3 may be increased or decreased to 
adjust circuit gain, sensitivity, and dynamic range. 

This circuit may also be used as an AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 
input. 

The carrier signal may, be derived from the intermediate fre¬ 
quency signal or generated locally. The carrier signal may be in¬ 
troduced with or without modulation, provided its level is 
sufficiently high to saturate the upper quad-differential amplifief. 
If the carrier signal is modulated, a 300 mV(rms) input level is 
recommended. 
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APPLICATIONS INFORMATION (continued) 


Doubly Balanced Mixer 

The MCI 596/MC1496 may be used as a doubly balanced 
mixer with either broadband or tuned narrow band input and 
output networks. 

The local oscillator signal is introduced at the carrier input 
port with a recommended amplitude of 100 mV(rms). 

Figure 30 shows a mixer with a broadband input and a tuned 
output. 

Frequency Doubler 

The MC1596/MC1496 will operate as a frequency doubler by 
introducing the same frequency at both input ports. 

Figures 31 and 32 show a broadband frequency doubler and a 
tuned output .very high frequency (VHF) doubler, respectively. 


Pin number references pertain to this device when packaged in a metal can. 
packaged devices refer to the first page of this specification sheet. 


Phase Detection and FM Detection 

The MC1596/MC1496 will function as a phase detector. High- 
level input signals are introduced at both inputs. When both inputs 
are at the same frequency the MCI596/l\/IC 1496 will deliver an 
output which is a function of the phase difference between the 
two input signals. 

An FM detector may be constructed by using the phase detec¬ 
tor principle. A tuned circuit is added at one of the inputs to 
cause the two input signals to vary in phase as a function of fre¬ 
quency. The MC1596/MC1496 will then proviide an output which 
is a function of the input signal frequency. 


To ascertain the corresponding pin numbers for plastic or ceramic 


TYPICAL APPLICATIONS 

FIGURE 26 - BALANCED MODULATOR 

(+12 Vdc SINGLE SUPPLY) FIGURE 27 - BALANCED MODULATOR-DEMODULATOR 



FIGURE 29 - PRODUCT DETECTOR 

FIGURE 28 - AM MODULATOR CIRCUIT ( + 12 VdcSINGLE SUPPLY) 
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Device 


MC1733G 

MC1733L 

MC1733CG 

MC1733CL 

MC1733CP 


Temperature Range 


-55°C to +125°C: 
-55°C to +125°C 
,0'’C to +70°C 
0°C,to +70°C 
0°C'ta +70°C 


Package 


Metal Can 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Plastic DIP 


MC1733 

MC1733C 


DIFFERENTIAL VIDEO AMPLIFIER 


... a wideband amplifier with differential input and differential out¬ 
put. Gain is fixed at 10, 100, or 400 without external components 
or, with the addition of one external resistor, gain becomes adjustable 
from 10 to 400. 


DIFFERENTIAL VIDEO 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• Bandwidth — 120 MHz typical @ Ayd = 10 

• Rise Time — 2.5 ns typical @ Avd = 10 

• Propagation Delay Time — 3.6 ns typical @ Ayd = 10 


FIGURE 1 - BASIC CIRCUIT 

GAIN SELECT 

vcc Gia Gib 



FIGURE 2 - VOLTAGE GAIN 
ADJUST CIRCUIT 


Gadi< 

OlAl 

Vccf 4 llOiB 


VEE G2A G2B 
GAIN SELECT 


0.2 aF 

-1(— f—0 OUTPl 

>T' 

-((—♦-•OUTPL 

"T ’ 


FIGURE 3 - EQUIVALENT CIRCUIT SCHEMATIC 

Vcco 


rn 

; 2.4 k ; 

2.4 k i 




1 


GAIN 1 

1 Gia 

SELECT 1 

1 

GAIN . 

( G2B 

SELECT 

Gib 


7k 

— 

7k 




G SUFFIX 

METAL PACKAGE 
CASE 603 
TO-100 



G2A 

GAIN SELECT , 


Gia 

GAIN SELECT 


G2B lAli '1 So 
GAIN SELECT Vee 

Gib 

GAIN SELECT 


OUTPUT 2 

(top viewl 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 


INPUT 2 — 
NC 2 

G2B GAIN SELECT 3 
Gib gain SELECT < 
VeE 5 
NC 6 
OUTPUT 2 — 




— INPUT 1 
13 NC. 

12 G2A gain SELECT 
11 Gia GAIN SELECT 

10 Vcc 

(top view) 

9 NC 

— OUTPUT 1 
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MAXIMUM RATINGS (T/\ ^25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc ■ 

+8.0 

Volts 


Vee 

-8.0 


Differential Input Voltage 

Vin 

±5.0 

Volts 

Common-Mode Input Voltage 

V|CM 

+ 6.0 

Volts 

Output Current 

•o 

10 

mA 

Internal Power Dissipation (Note 1) 

Pd 



Metal Can Package 


500 

mW 

Ceramic Dual In-Line Package 


500 


Operating Temperature Range MC1733C 

Ta 

Oto +70 

°C 

MC1733 


-55 to +125 


Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS i^cc Vdc, Vgg = -6.0 Vdc, at T/^ = +25°C unless otherwise noted.) 


_^_ 1 

MC1733 

MC1733C 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Differential Voltage Gain 


■■ 






V/V 

Gain 1 (Note 2) 

^vd 


400 

500 

250 

400 

600 


Gain 2 (Note 3) 


100 

110 

80 

100 

120 


Gain 3 (Note 4) 


■■ 

10 

11 

8.0 

10 

12 


Bandwidth (R 5 = 50U) 

BW 


■■ 

■■ 


■■ 

■■■ 

MHz 

Gain 1 









Gain 2 



■■ 



HB 



Gain 3 



120 



120 



Rise Time (R 5 = 50n,Vo = 1 Vp-p) 

tTLH 


■■ 





ns 

Gain 1 

tTHL 



- 


10.5 

- 


Gain 2 



mm 

10 


4.5 

12 


Gain 3 



Hi 

- 


2.5 

- 


Propagation Delay (Rj = 50n,Vg = 1 Vp-p) 

iPLH 




IjlHI 



ns 

Gain 1 

tPHL 


7.5 

- 


7.5 

- 


Gain 2 



6.0 

10 


6.0 

10 


Gain 3 



3.6 

- 

mil 

3.6 

- 


Input Resistance 

P*in 







kn 

Gain 1 


- 

4.0 


- 

4.0 



Gain 2 


20 

30 


.10 

30 



Gain 3 


- - 

250 

IHIll 

- 

" 250 

IBB 


Input Capacitance (Gain 2) 

*^in 

- 

2.0 

- 

- 

2.0 

- ' 

pF 

Input Offset Current (Gain 3) 

I'lOl 

- 

0.4 

3.0 

- 

0.4 

5.0 

HA 

Input Bias Current (Gain 3) 

*IB 


9.0 

20 

- 

9.0 

30 

pA 

Input Noise Voltage (Rs = 50n, 

Vn 

- 

12 

- 

- 

12 


MV(rms) 

BW =-- 1 kHz to 10 MHz 









Input Voltage Range (Gain 2) 

Vin 

± 1.0 

- 

- 

+ 1.0 

- 

- 

V 

Common-Mode Rejection Ratio 

CMRR 







dB 

Gain 2 (Vqm = V, f S 100 kHz) 


60 

86 


60 

86 



Gain 2 (Vqm = ±1 V, f = 5 MHz) 



60 

IBIIII 

- . 

. 60 

^bib 


Supply Voltage Rejection Ratio 

PSRR 



miiii 




dB 

Gain 2 (AVs=±0.5V) 


50 

70 


50 

70 

- 


Output Offset Voltage 

Voo 

imiiiiii 






V 

Gain 1 



0.6 

1.5 


0.6 

1.5 


Gain 2 and Gain 3 


mi 

0.35 

1.0 


0.35 

1.5 


Output Common-Mode Voltage (Gain3) 

VCMO 

2.4 

2.9 



2.9 

3.4 

V 

Output Voltage Swing (Gain 2) 

Vo 

3.0 

4.0 

- 

3.0 

4.0 

- 

Vp-p 

Output Sink Current (Gain 2) 

'o 

2.5 

3.6 

- 

2.5 

3.6 

- 

mA 

Output Resistance 

Rout 

. - 

20 

^ - 

- 

20 

- 

n 

Power Supply Current (Gain 2) 

•d 

- 

18 

24 

- 

18 

24 

mA 


8-102 































































































































































MCI733, MC1733C 


ELECTRICAL CHARACTERISTICS (Vcc ^ t6.0 Vdc, VgE = -6.0 Vdc, at J= Thigh to Tip^y unless otherwise noted.)* 




MC1733 

MC1733C 


Characteristic 

Symbol 


Typ 

Max 

Min 

Typ 

Max 

Units 

Differential Voltage Gain 

Avd 


■mu 





V/V 

Gain 1 (Note 2) 


200 


600 

250 

- 

600 


Gain 2 (Note 3) 


80 


120 


- 

120 


Gain 3 (Note 4) 


8.0 


12 

8.0 

- 

12 


Input Resistance 

^in 

8.0 

- 

- , 

8.0 

- 

- 

kn 

Gain 2 









Input Offset Current (Gain 3) 

liiol 

- 

- 

5.0 

- 

- 

6.0 

ma 

Input Bias Current (Gain 3) 

•iB 

- 

- 

40 

- 

- 

40 

mssHi 

Input Voltage Range (Gain 2) 

Vin 


- 

- 

bei 

- 

- 

V 

Common-Mode Rejection Ratio 

CMRR 

50 

- 

- 

50 

- 

- 

dB 

Gain 2 (VcM = ±1 V, f < 100 kHz) 









Supply Voltage Rejection Ratio 

PSRR 

50 

- 

- 

50 

- 

- 

dB 

Gain 2 (AVs=±0.5V) 









Output Offset Voltage 

vqo 






■■ 

V 

Gain 1 




1.5 





Gain 2 and Gain 3 




1.2 

mBi 


Mm 


Output Voltage Swing (Gain 2) 

^0 


- 

- 

2.5 

- 

- 

EM 

Output Sink Current (Gain 2) 

•o 


- 

- 

2.5 

- 

- 

mssH^ 

Power Supply Current (Gain 2) 

Id 

- 

- 

27 

- 

- 

27 

1 


*T|ow = 0°C for MC1733C, -55°C for MCI 733 
Thigh = +70°Cfor MC1733C, +125°C for MCI 733. 


FIGURE 4 - MAXIMUM ALLOWABLE POWER DISSIPATION 


NOTES 

Note 1; 


Note 2 
Note 3 
Note 4 


Derate metal package at 6.5 mW/°C for operation at 
ambient temperatures above 75°C and dual in-line pack¬ 
age at 9 mW/°C for operation at ambient temperatures 
above 100°C (see Figure 41. If operation at high am¬ 
bient temperatures is required (MCI733) a heatsink 
may be necessary to limit maximum junction tempera¬ 
ture to 150°C. Thermal resistance, junction-to-case, 
for the metal package is 69.4°C per Watt. 

Gain Select pins G-)/^ and G 10 connected together. 
Gain Select pins G 2 A and G 2 B connected together. 
All Gain Select pins open. 
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TYPICAL CHARACTERISTICS 

(Vcc = +6.0 Vdc, Vee = -6.0 Vdc, = +25®C unless otherwise noted.) 



FIGURE 5 - SUPPLY CURRENT versus TEMPERATURE FIGURE 6 - SUPPLY CURRENT versus SUPPLY VOLTAGE 
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Avs,SINGLE-ENDEDVOLTAGEGAIN(dB) RELATIVE VOLTAGE GAIN RELATIVE VOLTAGE GAIN 
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TYPICAL CHARACTERISTICS (continued) 

(Vcc = +6.0 Vdc, Vee = -6.0 Vdc, T/\ = +25°C unless otherwise noted.) 



-60 -20 +20 +60 +100 +140 


T, TEMPERATURE (“O 



1.0 10 100 1.0 k 

f, FREQUENCY (MHz) 



3.0 4.0 5.0 6.0 7.0 8.0 


Vcc. IVeeI, supply voltage (VOLTS) 


FIGURE 11 - GAIN versus FREQUENCY and 
SUPPLY VOLTAGE 
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FIGURE 12 - GAIN versus FREQUENCY 
and TEMPERATURE 
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PHASE SHIFT (DEGREES) Vq, OUTPUT VOLTAGE (VOLTS) Vq, OUTPUT VOLTAGE (VOLTS) 
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TYPICAL CHARACTERISTICS (continued) 

(Vcc = +6.0 Vdc, Vee = -6.0 Vdc, T/\ = +25°C unless otherwise noted.) 


FIGURE 13 - PULSE RESPONSE versus GAIN 


FIGURE 14 - PULSE RESPONSE versus SUPPLY VOLTAGE 
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FIGURE 15 - PULSE RESPONSE versus TEMPERATURE 
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FIGURE 16 - DIFFERENTIAL OVERDRIVE 
RECO.VERY TIME 



IH 

IH 

Hi 

Hi 

Hi 

Bill 

Hi 

Hi 

hhs 

9H 

Bii 

Hi 

Bl 

Bi 

Hi 

Hi 

» 

Hi 

IB 

BB 

HH 

Bl 

Bi 

WBk 


Hi 

^B 

Hi 


Bl 

BB 


Bl 

Bl 

Bii 

Bii 


IB* 

Bl 

Bi 

IB 

Bl 

Bl 

^B 


H 

Bi 

Bl 

Bl 

Hi 

Bi 

lilB 


1^1 

Bl 

Hi 

Bii 

Bl 

BB 

BB 

Bl 

HH 

Bi 

Bi 

Bi 

Bii 

BB 

BB 

■1 


IB 

Bl 

Hi 

Hi 

^B 

^B 


0 10 20 30 40 50 '60 70 

OVERDRIVE RECOVERY TIME (ns) 


FIGURE 17 - PHASE SHIFT versus FREQUENCY 


FIGURE 18 - PHASE SHIFT versus FREQUENCY 
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MCI733, MC1733C 


TYPICAL CHARACTERISTICS (Continued) 

( Vqc = +6.0 Vdc, V E E = -6.0 Vdc, T/^ = +25°C un less otherwise noted.) 
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FIGURE 20 - INPUT NOISE VOLTAGE 
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FIGURE 21 - OUTPUT VOLTAGE SWING and 
SINK CURRENT versus SUPPLY VOLTAGE 


FIGURE 22 - OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE 
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FIGURE 24 - COMMON-MODE REJECTION RATIO 
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MC1733, MC1733C 


APPLICATIONS INFORMATION 


FIGURE 26 - OSCILLATOR FREQUENCY FOR 

FIGURE 25 - VOLTAGE CONTROLLED OSCILLATOR VARIOUS CAPACITOR VALUES 



By changing the voltage \/q the gain will 
vary over a range of 10 to 400. This will 
give a frequency variation about the value 
set by the capacitor and shown in Figure 26. 



TAPE.DRUM OR DISC MEMORY READ AMPLIFIERS 

The first of several methods to be discussed is shovvn in 
Figure 27. This block diagram describes a simple Read cir¬ 
cuit with no threshold circuitry. Each block represents a 
basic function that must be performed by the Read circuit. 
The first block, referred to as "ampifiication", increases 
the level of the signal available from the Read head to a 
level adequate to drive the peak detector. Obviously,, these 
signal levels will vary depending on factors such as tape 
speed, whether the system used is disc or tape, ancJ the 
type of head and the circuitry used. For a representative 
tape system, levels of 7 to 25 mV for the signal from the 
Read head and 2 V for the signal to the peak detector are 
typical. These signal levels are "peak-to-peak" unless 
otherwise specified. On the basis of the signal levels men¬ 
tioned above, the overall amplification required is 38 to 
49 dB. 

How the overall gain requirement is implemented will 
depend somewhat on the system used. For instance, a 
tape cassette system with variable tape speed may utilize 
a first stage for gain and a second stage primarily for gain 
control. Thus, a typical circuit would utilize 35 dB in the 
first stage and 10 to 15 dB In the second stage. 

Devices suitable for use as amplifiers fall into one of 
two categories, operational amplifiers or wideband video 
amplifiers. Lower speed equipment with low transfer rates 
commonly uses low cost operational amplifiers. Examples 
of these are the MC1741, MCI 458, MCI 709, and M LM301. 
Equipment requiring higher transfer rates, such as disc 
systems norrnally use wideband amplifiers such as the 
MCI733. The actual cross-over point where wideband 
amplifiers are used exclusively varies with equipment de- 

FIGURE 27 - TYPICAL READ CIRCUIT (METHOD 1) 
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sign. For purposes of comparison, the MLM301 has 
slightly less than a 40 dB open-loop gain at 100 kHz; the 
MCI741, a compensated op-amp, has approximately 20 dB 
open loop gain at 100 kHz; the MCI 733 has approximately 
33 dB of gain out to 100 MHz (depending on gain option 
and loading). 

There are a number of ways to implement the peak 
detector function. However, the simplest and most widely 
used method is a passive differentiator that generates "zero- 
crossings" for each of the data peaks in the Read signal. 

The actual circuitry used to differentiate the Read sig¬ 
nal varies from a differential LC type in disc systems to a 
simple RC type in reel and cassette systems. Either type, 
of course, attenuates the signal by an amount depending 
on the circuit used and system specifications. A good 
approximation of attenuation using the RC type is 20 dB. 
Thus, the 2 V signal going into the differentiator is reduced 
to 200 mV. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. In most cases detection of the zero- 
crossings is combined with the limiter. These functions 
serve to generate a TTL compatible pulse waveform with 
"edges" corresponding to zero-crossings. For low transfer 
rates, the circuit often used consists of an operational 
amplifier with series or shunt limiting. For higher transfer 
rates (greater than 100K B/S) comparators are used. 

The method described above is often modified to in¬ 
clude threshold sensing. In Figure 28, the function called 
"double-ended, limit-detector" enables the output NAND 
gate when either the negative or positive data peaks of the 
Read signal exceed a predetermined threshold. This func¬ 
tion can be implemented in either of two ways. One 
method first rectifies the signal before it is applied to a 
comparator with a set threshold. The other method utilizes 
two comparators, one comparator for positive-going peaks 
and the other for negative-going peaks. These comparator 
outputs are then combined in the output logicgates. 




IVIC1733, MC1733C 


APPLICATIONS INFORMATION (continued) 


FIGURE 28 - READ CIRCUIT (METHOD 2) 



Another common technique is shown in Figure 29. 
The branch labeled rectifiers, peak detector, etc., provides 
a dock transition of the D flip-flop that corresponds to 
the peak of both the positive and negative-going data 
peaks. This branch may include threshold circuitry prior to 
the peak detector. The detector in the lower path detects 
whether the signal peaks are positive or negative and feeds 
this data to the flip-flop. This detector can be implemented 
using a comparator with pre-set threshold. 


FIGURE 29 - READ CIRCUIT (METHOD 3) 



The technique shown in Figure 30 uses separate cir¬ 
cuits with threshold provisions for both negative and 
positive peaks. The peak detectors and threshold detectors 


may be implemented with two comparators and two 
passive differentiators. 

Each of the methods shown offer certain intrinsic ad¬ 
vantages or disadvantages. The overall decision as to which 
method to use however often involves other important 
considerations. These could include cost and system re¬ 
quirements or circuitry other than simply the Read cir¬ 
cuitry. For instance, if cost is the predominate overall 
factor, then approach one may be the only feasible 
alternative. 

Method four was included as a design example because 
it illustrates several unique advantages. First, it uses 
threshold sensing to reduce noise peak errors. Second, it 
may be implemented using only integrated circuits. Third, 
it offers separate, direct threshold sensing for both pos¬ 
itive and negative peaks. 


FIGURE 30 - READ CIRCUIT (Method 4) 







Device Temperature Range Package 


MC3344L -40°C to +85°C Ceramic DIP 

MC3344P -40°C to +85°C Plastic DIP 


MC3344 


Advance Information 


PROGRAMMABLE FREQUENCY SWITCH 
WITH ADJUSTABLE HYSTERESIS 

The MC3344 1$ a general purpose programmable frequency switch 
designed for use in systems where a load must be switched on or off 
at a predetermined frequency. Switch frequency is determined by 
an external resistor (Rr) and capacitor (Cr). Hysteresis is adjustable 
and determined by an external resistor (R|-)). 

• Isolated Driver Transistor 

• Complementary Outputs 

• Adjustable Hysteresis 

• Wide Supply Operating Range (7 to 24 Volts) 

• Wide Input Frequency Range (10 Hz to 100 kHz) 

• Internal Regulator 

• Ideal for Automotive and Industrial Applications 



PROGRAMMABLE 
FREQUENCY SWITCH 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO - 116 


P SUFFIX 

PLASTIC PACKAGE 




This is,advance Information and specifications are subject to change without notice. 
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MC3344 


MAXIMUM RATINGS (T^ = 25®C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply 

Vcc 

24 

Vdc 

Peak Input Current 

ll 

10 

mA 

Junction Temperature 

Tj 

150 

oc 

Operating Ambient Temperature Range 

Ta 

-40 to+85 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C, Vqq = +15 Vdc unless otherwise specified) 


Characteristic 

Test 

Ckts 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Current 

2 

lo 

- 

2.5 

4.0 

mA 

Trigger Reset Voltage 

3 





Vdc 

lin=200pA 


VcRi 

0.25 

- 

- ■ 


1 in * 600 /iA 


VcR2 

- 

- 

0.25 


Regulator Output Voltage 

4 

WEESm 

4.0 

4.5 

5.0 

Vdc 

Threshold Output Voltage 

5 

VtCR 

0.739 

0.750 

0.761 

V/V 

Vtcr ■= VcR/VReg 







Hysteresis Sink Current 

6 

•h 

100 

400 

- 

pA 

Second Comparator Output 

7 

■■1 





01 Leakage 



- 

- 

100 

nA 

02 Source 



100 

250 

■ - 

pA 

01 Source 


TrtgM 

100 

200 

- 

pA 

02 Leakage 


•D2L 

- 

- 

100 

nA 

Output Oriver Gain 

8 

hpEI 

50 

100 

- 

- • 

lc = 5.0 mA 







Output Oriver Voltage Standoff 

9 

BVceo 

25 

30 

- 

Vdc 

Id = 5.0 mA 







Integrator Transistor Gain 

10 

►»FE2 

50 

200 

300 

- 

hFE2 = AIc/AIr, 







ICI = 0.4 mA, Ic2 ” 0.6 mA 








MOTOROLA Semiconetuctor Pr<»«luct9 Inc. 
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MC3344 



Id-j l/Id 2S ~ In position 1 
’D2 l/*D 1S ~ SI In position 2 


FIGURE 10 - INTEGRATOR 
TRANSISTOR GAIN 
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APPLICATIONS INFORMATION 


The voltage regulator and bias section provides the 
proper biasing and regulated supply voltage to the inte¬ 
grated circuit. 

A square wave, when applied to the RC differentiator, 
provides input current pulses to the 1C. The input circuit 
discharges and clamps, for a predetermined time, the volt¬ 
age across capacitor Cp{. This establishes the initial ramp 
voltage (Vsat) and allows initiation of a new voltage ramp 
after each positive transistion of the input waveform. 

The voltage, Vqr, ramps from to the final value, 
VReg, charging through Rp. 

If Vqr is never allowed to reach Vpgf due to quick 
reset pulses, th^ second integrator amplifier will not be 
activated, and capacitor Cab allowed to charge through 
the 12 kJ2 resistor until Vq^ is greater than Vpgf. At 
this point, D1 will switch ON and D2 will switch OFF. By 
connecting either D1 or D2 to the D3 drive pin, the out¬ 
put drive transistor may be either switched ON or OFF at 
the switch point. 

If VcR is allowed to ramp above Vpgf before being 
reset, the second integrator amplifier is driven ON which 
discharges and resets capacitor Cab keeping, Vqa 
with respect to V^gf. 

VcA will always be low with respect to Vpgf if the 
time from reset Cr to V^r = Vpgf is less than the time 


from reset Cab Vqa = ^ Rgf. 

Resistor Rr provides hysteresis around the switch 
point (i.e., frequency to switch the output driver ON, 
when connected to the D1 terminal, is higher than the 
frequency required to switch the output driver OFF). If 
no hysteresis is desired then the Rr resistor should be 
omitted and pin 12 grounded. 


Circuit Equations: 

The first integrator time constant is 

T1 = Rr II Rr Cr. If Rr is omitted then 

T1 = Rr Cr. 

The second integrator time constant is 
T2 = (12 k) {hFE2) <Cab)- 

f1 = Switch Point frequency = - — —— 
' 1.39 Rr Cr 


f2 = Hysteresis Switch Point frequency 
_J_ 


0.75 Rr] 


FIGURE 11 - TYPICAL APPLICATION 




MOTOROLA Semiconductor Products Inc. 
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MC3344 


FIGURE 12 - CIRCUIT SCHEMATIC 



THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 


PD(Ta) = 


Tj(max) - Ta 
R^JAlTyp) 


Where: Pd(Ta) “ Power Dissipation allowable at a given 


operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient Temperature 
R^JAlTyp) = Typical Thermal Resistance Junction to 
Ambient 








ORDERING INFORMATION 


Device 


MC3370P 


Temperature Range 


-lO-C to +75'>C 


Package 


Plastic DIP 


MC3370P 


ZERO VOLTAGE SWITCH 


ZERO VOLTAGE SWITCH 


. . . designed for use in ac power switching applications with output 
drive capable of triggering triacs. Other operational features include; 
(Da built-in voltage regulator that allows direct ac line operation, 
(2) a differential input with dual sensor inputs capable of testing the 
condition of two external sensors and controlling the gate pulse to a 
triac accordingly; (hysteresis or proportional control to this section 
may be added if desired) (3) sensor input "open and short" pro¬ 
tection; this insures that the triac will never be turned "on" if either 
of the inputs are shorted or opened (4) a zero crossing detector 
that synchronizes the triac gate pulses with the zero crossing of the 
ac line voltage. This eliminates radio frequency interference (RFI) 
when used with resistive loads. 


SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 


• Heater Controls 

• Photo Controls 

• Threshold Detector 

• Lamp Driver 


• Valve Control 

• On-Off Power Controls 

• Relay Driver 

• Flasher Control 


Formerly MFC8070 in Case 644A Package 













FIGURE 2 - OUTPUT PULSE DEFINITION 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 




Rating 

Symbol 

Value 

Unit 

DC Voltage 

V 4 -I 

15 

Vdc 

DC Voltage 

V 5 -I 

15 

Vdc 

DC Voltage 

' V 2.1 

15 

Vdc 

Peak Supply Current 

'3 

35 

mA 

Power Dissipation 

Pd 

1.2 

Watts 

Derate above T^ = +25°C 

l/RflJA 

10 

mW/°C 

Operating Ambient Temperature Range 

Ta 

-10 to +75 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

°C 


AC Line ^ 

Output 



ELECTRICAL CHARACTERISTICS (T/^ = +25°C unless otherwise noted.) 


Characteristic Definitions 



Characteristic 


Vc^ with Inhibit Output 
(Sw 1: A or B) 


Output Leakage Current 
(Sw 1: A or B) 


Input Current 8 
(Sw1:A) 


Input Current 7 
(Sw1:B) 


Inhibit Threshold Voltage 
(Sw t: A or B) 


Vs with Pulse Output 
(Sw 1: A or B) 


Peak Output Current 
(Sw 1; A or B) 


Pulse Threshold Voltage 
(Sw 1: A or B) 


Output Pulse Width 

(Sw 1; A or B, See Figure 2) 


Output Current With Input Short 
(Sw 1: B;Sw2: A) 

(Sw 1: A; Sw 2: B) 


Symbol Nlin Typ Max Unit 


Vsio Vdc, 



Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently. assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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IVIC3370 


TEST CIRCUIT AND TYPICAL CHARACTERISTICS 


FIGURE 3 - CIRCUIT WITH INCREASED PULSE 

width and triac driver to control 

HIGH-CURRENT SCR's 


FIGURE 4 - OUTPUT PULSE WIDTH 
versus SOURCE RESISTANCE 
(See Figure 6.) 




TYPICAL ZERO VOLTAGE SWITCH APPLICATIONS FOR TRIAC CONTROL 


FIGURE 5 - TRIAC CONTROL CIRCUIT 



RI ot R2 isan external sensor 

Basic triac trigger circuit titiiizinij the zero crossing iletectot 
anti the input comparator to control triacswith gate current 
requirements to 500 mA. 


FIGURES - TRIAC CONTROL CIRCUIT 
WITH CURRENT BOOST UTILIZING 
DC SUPPLY 



Basic dc trigger application using the input comparator 
to control a PNP capable ol furnishing gate drive ol 
approximately 0.5 A. 

Suggested circuit to vary output pulse width by value 
of Rg (See Figure 4). 


R2 must be the external sensor for the internal short and open protection to be operative. 


FIGURE 7 - TRIAC CONTROL CIRCUIT WITH CURRENT BOOST UTILIZING AC SUPPLY 



Zero crossing triac control circuit for gate current 
requirements to tOO mA. 


Recommended Motorola triacsfor use in circuit. 


Maximum Continuous 
Current (A [RMS] ) 

Triac 

Family 

Case 

No. 

10 

2N6151/2N6153 

2N6346A/2N6349A 

90 (Plastic) 
221-024 (Plastic) 

10 

2N6139/2N6144 

86, 250 

25 

2N6157/2N6165 

174, 175, 

235 

40 

2N5441/2N5446 

237, 238, 

239 
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Advance Information 



DUAL OPERATIONAL AMPLIFIER AND 
DUAL COMPARATOR 


DUAL 

OPERATIONAL AMPLIFIER 
AND 

DUAL VOTAGE COMPARATOR 


The MC3405/3505 contains two differential-input operational 
amplifiers and two comparators, each set capable of single supply 
operation. This operational amplifier-comparator circuit, better 
known as the "Operator" will find its applications as a general pur¬ 
pose product for, automotive circuits and as an industrial building 
block. 

The MC3405 is specified over the commercial operating tempera¬ 
ture range of 0 to -(-70*^0 while the MC3505 is specified over the 
military operating range of -55 to +125°C. 

• Operational Amplifiers Equivalent in Performance to MC3403 

• Comparators Similar in Performance to IV1LM339 

• Operational Amplifiers are Internally Frequency Compensated 

• Supply Operation — 3.0 Volts to 36 Volts 

• Dual Supply Operation also Available 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



This is advance information and specifications are subject to change without notice. 


8-118 



























MOTOROLA Semiconductor Products Inc. 




MC3405, IVIC3505 

















OPERATIONAL AMPLIFIER SECTION 


MAXIMUM RATINGS 


Power Supply Voltage 


Input Differential Voltage Range 


Input Common Mode Voltage Range 


Operating Ambient Temperature Range — MC3505 

MC3405 


Storage Temperature Range — Ceramic Package 
Plastic Package 


Operating Junction Temperature Range — Ceramic Package 

Plastic Package 


Thermal Resistance, Junction to Ambient 



ELECTRICAL CHARACTERISTICS (Vgc = +1BV,Vee = -15V,Ta = 25°C, unless otherwise noted.) 




Input Bias Current 

(Ta = to Tfiighld) 


Large Signal Open Loop Voltage Gain 
(Vo = ±10V, RL = 2.0kn) 

(Ta = T|o,^ to Thighid I 


Power Supply Current (2) 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Output Voltage 
(Rl= 10 kfi) 

(Rl= 2.0 kn) 

(RL “ 2.0 kf2, Tyi^ = T|Qyy to Tpjgp)dj 


Input Common Mode Voltage Range 


Output Short-Circuit Current 


Phase Margin 


Small-Signal Bandwidth 

(Av = 1,RL=10kn, Vo = 50 mV) 


Power Bandwidth 

(Av = 1, Rl = 2.0 kn, Vo = 20 V (p-p), 
THD = 5%) 


Overshoot 

(Av = 1, Rl= 10 kn, Vo = 50 mV) 


Slew Rate 



DIHDI 



MOTOKOL.A Semiconeiuctor Products Inc. 
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MC3405, MC3505 


OPERATIONAL AMPLIFIER SECTION (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


(Vcc = 5.0 V, VgE “ Gnd, = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

MC3505 

MC3405 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vio 

- 

2.0 

5.0 

- 

2.0 

10 

mV 

Input Offset Current 

•lO 

- 

30 

50 

- 

30 

50 

nA 

Input Bias Current 

Mb 

- 

-200 

-500 

- 

-?00 

-500 

nA 

Large-Signal Open-Loop Voltage Gain 
(RL=2.0kn) 

AvOL 

20 

200 

- 

20 

200 

— 

V/mV 

Power Supply Rejection Ratio 

PSRR 

- 

- 

150 

- 

- 

150 

pV/V 

Output Voltage Range (3) 

(Rl = 10 kfl, Vcc = 5.0 V) 

(RL = 10 kO, 5.0 V < Vcc < 30 V) 

vqr 

3.3 

Vcc-1-7 

3.5 

Vcc-1-5 


3.3 

Vcc - 1 -7 

3.5 

Vcc - 1 -5 

- 

Vp-p 

Power Supply Current(4) 

Ice 

- 

2.5 

4.0 

- 

2.5 

7.0 

mA 

Channel Separation 

f =1.0 kHz to 20 kHz (Input Referenced) 

— 


-120 



-120 


dB 


(1) T|ow = -55°C for (VIC3505 Thigh = +125°C for MC3505 

= 0°C for MC340S = +70°C for MC3405 

(2) For Operational Amplifier and Comparator 

(3) Output will swing to ground. 

(4) Not to exceed miximum package power dissipation. 
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COMPARATOR SECTION 


MAXIMUM RATINGS 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Input Common Mode Voltage Range 


Sink Current 


Operating Ambient Temperature Range — MC3503 

MC3405 


Storage Temperature Range — Ceramic Package 
Plastic Package 


Operating Junction Temperature Range — Ceramic Package 

Plastic Package 


Thermal Resistance, Junction to Ambient 




ELECTRICAL CHARACTERISTICS (V^c = 5.0 V, Vgg = Gnd, T/^ = 25°C unless otherwise noted.) 


Input Offset Voltage 

<Ta “ T|ow lo Thiah) <11. (3) 


Average Temperature Coefficient of Input 
Offset Voltage 


Input Bias Current 

(Ta‘= T|ow *0 Thigh) ) 


Large-Signal Open Loop Voltage Gain 
(RL=15kO) 


Input Common Mode Voltage Range 
(Ta = Tiqy,, to Thigh) ) 


Input Differential Voltage 
(All V|n > 0 Vdc) 


Sink Current 

(V|n (-)>1.0 Vdc, V|n (+) = 0, 
Vo < 1.5 V) 


Saturation Voltage 

(Vin (-) = 1.0 Vdc, Vjn (+) = 0, 
•sink < 4 0 mAdc) 

(Ta = T|ow Thigh) (1) 


Output Leakage Current 

(V|n (+) > 1.0 Vdc, V|n (-) =0, 
Vo = 5.0 Vdc) 

(Ta “ T|o^ to Thigh) (1) 


Large-Signal Response 


Response Time f2) 

(Vrl " 5.0 Vdc, Rl = 5.1 kn) 


Low Level Output Voltage 

(Vin (+) =0 V, Vjn (-) = 1.0 V, 
•sink ~ 4.0 mA) 

(Ta = T|(3vv to Thigh) (1) 


(T) T|o^ = -55°C tor MC3505 
= 0°C for MC3405 



Thigh = +125°C for MC3505 
= •t70°C for MC3405 


(2) The response time specified is for a 100 mV input step with 5.0 mV-overdrive. For larger signals 300 ns is typical. 

(3) Vo = 1 -4 V, Rs = 0 17 with V-t from 5.0 Vdc to 30 Vdc, and over the input common mode range 0 to V-t -1.7 V. 


MOTOROLA Semiconductor Products Inc. 
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C3423 

C3523 


Advance Information 


OVERVOLTAGE "CROWBAR" SENSING CIRCUIT 


These overvoltage protection circuits (OVP) protect sensitive elec¬ 
tronic circuitry from overvoltage transients or regulator failures 
when used in conjunction with an external "crowbar" SCR. They 
sense the overvoltage condition and quickly "crowbar" or short 
circuit the supply, forcing the supply into current limiting or open¬ 
ing the fuse or circuit breaker. 

The protection voltage threshold is adjustable and the MC3423/ 
3523 can be programmed for minimum duration of overvoltage 
condition before tripping, thus supplying noise immunity. 


MAXIMUM RATINGS 


Rating 

I Symbol | 

Value 

1 Unit 

Differential Power Supply Voltage 


45 


Sense Voltage (1) 

'^Sense 1 

6.8 


Sense Voltage (2) 

Vsense 2 

6.8 


Remote Activation input Voltage 

Vact 

7.0 


Output Current 

•o 

300 

mam 

Operating Ambient Temperature Range 
MC3423 

MC3523 

Ta 

0 to -+70 
-55 to+125 

°C 

Operating Junction Temperature Range 

Plastic Package 

Ceramic Package 

Tj 

150 

175 

' .1 


TYPICAL APPLICATION 



OVERVOLTAGE 
SENSING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 



PIN CONNECTIONS 


^cc mJ 


Sense 2 I 3 


Current | ^ 
Source I 



g I Indicator 
_I Output 

Remote 
" I Activation 


ORDERING INFORMATION 


DEVICE TEMPERATURE RANGE PACKAGE 


NOTE: A 2N6604 or equivalent it suggested for Q1. 


MC3423P1| 


MC3423U 


MC3523U 


0 to +70 C 


0to+70°C 


-55 to+125° C 


Plastic DIP 


Ceramic DIP 


Ceramic DIP 


This is advance information and Specifications are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Vcc — Vgg = 5.0 V, T|ow < Tj < Thjgh unless otherwise noted.) 


Typ 


Characteristic 


Supply Voltage Range 


Outp'ut Voltage 


Indication Output Current 
(VoL = 0.4 V) 


Reference Voltage 
(Ta = 25° C) 


Temperature Coefficient of Reference Voltage 


Remote Activation Input Current 
(V|h = 2.0V) 


Source Current 


Output Current Risetime 
(Ta = 25°C) 


Propagation Delay 
(Ta = 25°C) 


Supply Current 






Vtrip = V,8f (1 + 5J) »= 2.6 V (1+^) 

R2 < 10 kJ2 for minimum drift 

^To 

For minimum value of Rq, see Figure 5 

Load 

Q1 is 2N6504 or equivalent 
*See text for explanation 

Note 1: If V^,.jp is below 4.5 V, 

the MC3423/3523 should be powered 
(vie Pin 1) from an external 

4,5 V to 36 V supply. 


MOTOROLA Semiconductor Products Inc. 
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FIGURE 2B - CIRCUIT CONFIGURATION FOR SUPPLY 
VOLTAGE ABOVE 36 V 



APPLICATIONS INFORMATION 

Basic Circuit Configuration 

The basic circuit configuration of the MC3423/3523 
OVP is shown in Figure 2A for trip voltages from 2.5 V 
to 36 V, and in Figure 2B for trip voltages above 36 V. 
In this circuit, the voltage sensing inputs of both internal 
amplifiers are tied together for sensing the overvoltage 
condition. The shortest possible propagation delay is 
obtained with this configuration. The threshold or trip 
voltage at which the MC3423/3523 will trigger and 
supply gate drive to the crowbar SCR, Q1, is determined 
by the selection of R1 and R2. Their values can be deter¬ 
mined by the equation given in Figures 2A and 2B, or by 
the graph shown in Figure 4. The minimum value of the 
gate current limiting resistor, Rq, is given in Figure 5. 
Using this value of Rq, the SCR, Q1, will receive the 
greatest gate current possible without damaging the 
MC3423/3523. If lower output currents are required, 
Rq can be increased in value. The switch, SI, shown in 
Figure 2A may be used to reset the SCR crowbar. Other¬ 
wise, the power supply, across which the SCR is con¬ 
nected, must be shut down to reset the crowbar. If a non 
current-limited supply is used, a fuse or circuit breaker, 
FI, should be used to protect the SCR and/or the load. 

Configuration for Programmable Minimum 
Duration of Overvoltage Condition Before Tripping 

In many instances, the MC3423/3523 OVP will be 
used in a noise environment. To prevent false tripping of 
the OVP circuit by noise which would not normally harm 
the load, MC3423/3523 has a programmable delay 
feature. To implement this feature, the circuit configura¬ 
tion of Figure 3 is used. In this configuration, a capaci¬ 
tor is connected from Pin 3 to Vee- The value of this 
capacitor determines the minimum duration of the over¬ 
voltage condition which is necessary to trip the OVP. 


FIGURE 3 - BASIC CONFIGURATION FOR 
PROGRAMMABLE DURATION OF OVERVOLTAGE 
CONDITION BEFORE TRIP 
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The value of C can be found from Figure 6. The circuit 
operates in the following manner: When Vcc •"'s®® above 
the trip point set by R1 and R2, an internal current 
source begins charging the capacitor, C, connected to Pin 
3. if the overvoltage condition remains present long 
enough for the capacitor voltage, Vc, to reach Vref. the 
output is activated. If the overvoltage condition dis¬ 
appears before this occurs, the capacitor is discharged at 
a rate =10 times faster than the charging rate, resetting 
the timing feature until the next overvoltage condition 
occurs^ 

Additional Features 

1. Activation Indication Output 

An additional output for use as an indicator of OVP 
activation is provided by the MC3423/3523. This out¬ 
put is an open collector transistor which saturates 
when the OVP is activated. It will remain in a satu¬ 
rated state until the SCR crowbar pulls the supply 
voltage, Vcc. below 4.5 V as in Figure 3. This output 


FIGURE 4 - R1 versus TRIP VOLTAGE 


can be used to clock an edge triggered flip-flop whose 
output inhibits or shuts down the power supply when 
the OVP trips. This reduces or eliminates the heat¬ 
sinking requirements for the crowbar SCR. 

2. Remote Activation Input 

Another feature of the MC3423/3523 is its remote 
activation input. Pin 5. If the voltage on this CMOS/ 
TTL compatible input is held below 0.7 V, the 
MC3423/3523 operates normally. However, if it is 
raised to a voltage above 2.0 V, the OVP output is 
activated independent of whether or not an over¬ 
voltage condition is present. This feature can be used 
to accomplish an orderly and sequenced shutdown of 
system power supplies during a system fault condi¬ 
tion. In addition, the activation indication output of 
one MC3423/3523 can be used to activate another 
MC3423/3523 if a single transistor inverter is used to 
interface the former's indication output to the latter's 
remote activation input. 


FIGURE 5 - MINIMUM Rq versus SUPPLY VOLTAGE 




Vt.TRIP VOLTAGE (VOLTS) 


RG, gate current limiting resistor (OHMS) 


FIGURE 6 - CAPACITANCE versus 
MINIMUM OVERVOLTAGE DURATION 




tj, OELAY TIME (ms) 
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Advance Information 


GROUND FAULT INTERRUPTER SUBSYSTEM 
(Latching) 

The MC3426 is designed to provide ground fault and grounded 
neutral protection for 120 Vac, 15 and 20 ampere lines. 

• Minimum number of external components 

• Includes full wave bridge 

• Designed for use with inexpensive ferrite cores or low perme¬ 

ability differential transfers 

• Will operate properly if "hot" and neutral input wires are reversed 

• Designed to be used in systems meeting UL943 specifications for 

Class A Ground Fault Circuit Interrupters 

• Trips at a minimum leakage current of 5 mA ±1 mA over a tem¬ 
perature range of -40°C to +70°C and line voltage variations 
from 102 V to 132 V. Also trips for a neutral grounding resistance, 
less than 2 SI. 

• Trip times are in accordance with UL curve 

• High noise immunity and resistance to false tripping 


FIGURE 1 - TYPICAL TRIP CURRENT THRESHOLD 
versus TEMPERATURE 




-60 -40 -20 0 +20 +40 +60 +80 +100 

T, TEMPERATURE (“O 


This is advance information and specifications are subject to change without notice. 


GROUND FAULT 
INTERRUPTER SUBSYSTEM 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 




This component is sold without patent indem¬ 
nity and any infringement resulting frorh use or 
resale thereof shall be the sole responsibility of 
purchaser and shall not be the responsibility of 
manufacturer or distributor even though such 
use is in accordance with manufacturer's 
recommendations. 


ORDERING INFORMATION 


Temperature Rangel Package 


-40 to +70°C 
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MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Current through pins 9 and 10 
(Ta = 70°C) 

l|N 

20 

mA RMS 

Thermal Resistance, Junction to Air 

«JA 

100 

°C/W 

Operating Ambient Temperature Range 

Ta 

-40 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 

Maximum Operating Junction Temperature 

Tj 

125 

°C 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OPERATIONAL AMPLIFIER SECTION 

Input Offset Voltage 

V|0 

- 

3.0 

- 

mV 

Average Temperature Coefficient of Input Offset Voltage 

AVio/AT 

- 

15 

■ - 

uv/°c 

Input Offset Current 

iio 

- 

30 

- 

nA 

Input Bias Current 

•iB 

- 

300 

- 

nA 

Large Signal Open Loop Voltage Gain 

Avol+ 

15 

- 

- 

V/mV 

Power Supply Current 

(Vq set to 25 V, Latch OFF, 2.7 MO 
from pin 2 to pin 5, Note 4) 

'd 


1.4 

2.25 

mA 

Power Supply Current 

(Vq Set to 25 V, Latch ON, pin 14 
tied to pin 13, Note 6) 

•d (l-ori) 



9.0 

mA 

Power Supply Rejection Ratio 

PSRR± 

60 

- 


dB 

Output Quiescent Voltage of Operational Amplifier minus V^jd 
(2.7 Mfl from pin 2 to pin 5, Notes 2 and 5) 

Vg ~ '^mid 

-2.0 

- 

1.0 

V 

REGULATOR/BRIDGE SECTION 

Power Supply Output Voltage 
(Note 1) 

Vo 

27.5 

29.9 

32.3 

V 


LATCH/TRIGGER SECTION 


Latch Trigger Voltage 
(Notes 2 and 7) 

Ve (^on) 
“Vmid 

Di 

7.4 

8.1 

V 

Latch Trigger Current 
(Note 8) 

l|(Lon) 


50 


pA 

Output Drive Current 

@ V14 = 1.0 V (Ta = -40°C, Note 3) 

• 14 d-oni 

mnn 

- 


mA 

Output Drive Voltage with Latch Off 
(Note 9) 

V')4(Loff) 


— 

0.05 

V 

Power Supply Voltage to Turn Off Latch 
(Note 10) 

Vo (Loff) 

0.2 

2.0 

3.0 

V 


DEFINITION OF TERMS 


Note: 

1. POWER SUPPLY OUTPUT VOLTAGE - Vq 

Tliis is the voltage between pins 13 and 8 that is set 
up by the zener string with the latch turned off and a 
current of 17 mAdc (approximately the maximum peak 
current from the ac line with a 10 kJ2 5% dropping 
resistor) is flowing between the pins. 

2. MIDPOINT VOLTAGE-Vmid 

This is the voltage at the midpoint of the zener 
string—between pins 12 and 8—with 17 mAdc flowing 
and the latch turned off. 


3. OUTPUT DRIVE CURRENT-li4(Lon) 

This is the current sourced from pin 14 with the latch 
on and the gate resistor (RQate. 1 •<J2) connected (pin 11 
shorted to pin 14). 

4. POWER SUPPLY CURRENT, LATCH OFF - Iq 

This is the power supply drain current of the 
operational amplifier section with the latch turned off, a 
2.7 MS7 resistor between pins 2 and 5, and Vq set to 25 
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V so that no current goes through the zener string. Id 
max assures proper quiescent operation of the 
operational amplifier. 

5. OUTPUT QUIESCENT VOLTAGE-Ve 

This is the quiescent output voitage of the operational 
amplifier with a 2.7 MS2 resistor between pins 2 and 5. 
The V@ — Vmid specification assures proper trip 
threshold with specified V|0 and I|b. 

6. POWER SUPPLY CURRENT, LATCH ON - lolLon) 

This is the power supply drain current of the 
operational amplifier section and the latch section with 
the, latch turned on, Vq set to 25 V, pin 14 tied to pin 
13, Rcate not connected, and the ac iine polarity such 
that the SCR cannot fire. iD(Lon) itiax assures the latch 
remaining latched before the SCR fires. 

7. LATCH TRIGGER VOLTAGE - VelLon) 

This is the threshold voltage between pins 6 and 8 at 
which the latch turns on and pin 14 begins sourcing 
current. 


8. LATCH TRIGGER CURRENT-l|(Lon) 

This is the threshold current through resistor R11 (5 
kO.) at which the latch turns on and pin 14 begins 
sourcing current. 

9. OUTPUT DRIVE VOLTAGE, LATCH OFF - 

Vl4{Loff) 

This is the voltage between pins 14 and 10 with the 
latch off, RQate connected (pin 11 shorted to pin 14), 
and 17 mAdc flowing between pins 9 and 10. Vi4(Loff) 
max assures that the SCR will not be turned on when 
the latch is off. 

10. POWER SUPPLY VOLTAGE TO TURN OFF 
LATCH - Vo (Loff) 

This is the voltage to which pin 13 must be dropped 
after the latch has been turned on to turn the latch off 
and cause pin 14 to stop sourcing current. 


CIRCUIT SCHEMATIC 
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FIGURE 2 - BLOCK DIAGRAM 
(External Components within dotted lines) 



CIRCUIT OPERATION 


Circuit operation is best understood by referring to 
the complete block diagram in Figure 2. 

Power Supply 

The circuit is powered from the ac line through the 
breaker coil and R1 (an external 10 k ohm dropping 
resistor) to pins 9 and 10, which are connected to the 
internal full wave bridge rectifier. Four on-chip zeners 
clamp the dc output voltage between pins 13 and 8 to 
about 30 V, and an external capacitor (Cl) filters this 
voltage. During normal quiescent operation less than 10 


mA is drawn through the breaker coil, which is not 
enough to energize it. 

Operational Amplifier Biasing 

The operational amplifier has two feedback paths, 
depending on whether its output is more positive or 
more negative than its inputs. The dc gain is relatively 
small, less than 15 when the output swings up and about 
1.5 when the output swings down. The non-inverting 
input to the op amp is tied to the midpoint of the zener 
string through a 120 k ohm resistor, and therefore the 
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quiescent output voltage of the op amp is approximately 
that voltage, about 15 volts. A 200 k ohm internal 
resistor between the inputs provides a path for bias 
current from the inverting input terminal and helps set 
the dc feedback. It also provides a discharge path for C2 
after high level faults to make reset quicker. 

Fault Sensing and Breaker Tripping 

If a ground fault occurs, the imbalance of current in 
the two ac primary wires of L2 will generate a signal in 
the secondary. This signal is ac coupled through an 
external 22 ^xf capacitor (C2) to the inputs of the op 
amp. An external 0.1 fif capacitor (C3) acts as an 
integrating capacitor; it charges up slightly more each 
time that the signal causes the op amp to swing positive 
(i.e., every other half cycle of the ac line). When the 
signal polarity reverses and the op amp swings down, the 
only discharge path for C3 is through the external set 
resistor (R2). With a 5 mA ground fault it takes about 2 
seconds for C3 to integrate up so that the positive swings 
of the op arnp become larger and larger until they reach 
a “steady state" value of about 7 V above the quiescent 
output voltage of the op amp and increase no further. 
This is just the threshold voltage of the latch, which 
turns it on and causes pin 14 to be pulled toward the 
positive supply voltage and turns on the SCR. When the 
SCR is turned- on, enough current is drawn through the 
breaker coil to energize it and cause the breaker to 
disconnect power from the load side of the ac line. (The 
breaker is a mechanicaliy latching type and it must be 
mechanically reset to reapply power to the load side of 
the ac line.) 

The purpose of the feedback on negative swings of 
the output of the op amp is to equalize positive and 
negative swings so that coupling capacitor C2 does not 
charge up and drive the output one way or the other. 

If the line side black and white wires to the GFI 
system are reversed such that the black is now the 
neutral and the white is now the hot wire, the result is 
that the signal at the output of the op amp is not the 
correct phase to fire the SCR since the SCR is a 
half-wave device connected across the line. However, the 
latch takes care of this problem by turning on and 
staying on until the SCR can fire during the next 
half-cycle of the ac line. 

High Faults 

The purpose of the 120 k ohm internal resistor 
between pins 12 and 1 is to reduce the trip time at 
higher fault currents. As the fault current increases, the 
voltage drop across this resistor increases and since the 
output of the op amp follows the voltage at the 
non-inverting input this means that C3 will integrate less 
and therefore the trip time will be faster. 

The on-chip protection diodes across the sense coil 
serve two purposes, but only during extremely high fault 
currents. First, they prevent C2 from charging to a large 
voltage during this condition which would make the 
reset or the return to quiescent operation slow. Second, 
they prevent excessive voltage from "zenering" or 
otherwise damaging junctions on the circuit. 

- (M) MOTOROLA S&mic 


Use of Ferrites or Low-Permeability Torroids 

The sense coil in this circuit is looking into a 
relatively low impedance (i.e., the impedance between 
the two inputs to the op amp), which is the feedback 
resistance divided by the open loop gain of the op amp 
(an impedance of a few hundred ohms) in series with a 
22 fif capacitor and a 200 ohm resistor. As long as this 
loading resistance is low compared to the secondary 
reactance of the torroid, the transformer acts as a 
current transformer and the output remains constant 
with changes in core permeability. Therefore, ferrite 
cores or other low permeability cores may be used as 
long as these conditions are met. The purpose of the 200 
ohm on-chip resistor is to counteract the tendency for 
the circuit to become more sensitive at low temperatures 
with ferrite cores due to the reduction in secondary 
inductance with the reduction in core permeability. 

Noise, DV/DT, and Transient Protection 

External 0.001 jiiF capacitors C6, C7, and C8 have 
been added to increase the circuit's resistance to false 
tripping due to noise spikes. The internal 1 k ohm 
resistor from gate to anode and the external 0.005 fiF 
capacitor C5 from anode to cathode of the SCR reduce 
the SCR's sensitivity to DV/DT turn on. The purpose of 
the MOV (metal oxide varistor) is to absorb energy from 
very high voltage line transients to prevent damage to 
the 1C or SCR. 

Latching Characteristics (Auxiliary Switch Requirements) 

Note that this device requires a third pole or auxiliary 
contact on the breaker when used in a wall socket 
application. This is because the latch remains latched 
when the circuit is tripped and would continue to 
energize the breaker coil. Note also that a single contact 
breaker may be used in circuit breaker applications when 
line side "hot" and when neutral wires cannot be 
reversed. 


Grounded Neutral Detection Methods 

Figures 3 and 4 are schematics for wall socket 
applications showing the different methods of grounded 
neutral detection. 

Figure 3 is the 60 Hz method; the high-/ii core is 
connected across the line and acts as a 60 Hz source for 
both black and white wires. If the neutral is grounded 
(load white essentially connected to line white, or if line 
wires are reversed and load black essentially connected 
to line black) this 60 Hz signal is coupled to the 1000 
turn sense coil and the circuit trips just as it does with a 
ground fault. 

Figure 4 is the external oscillator method of 
grounded neutral detection, A 2 to 4 kHz signal is fed 
into the left ferrite coil and this signal is sourced for 
both the black and white wires. If the neutral is 
grounded this signal is coupled to the 1000 turn sense 
coil and the circuit trips just as with the previous 
method except that the signal is now the 2 to 4 kHz 
supplied by the external oscillator. 
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FIGURE 3 - GROUNDED NEUTRAL DETECTION USING A 60 Hz TRANSFORMER 
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FIGURE 4 - GROUNDED NEUTRAL DETECTION USING AN EXTERNAL OSCILLATOR 



THERMAL INFORMATION 


The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 


PD(Ta) = 


Tj(max) - Ta 
R 0JA (Typ) 


Where: Pd(Ta) ~ Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 


voltages and supply currents at the worst-case oper¬ 
ating condition. 

Tj(max) “ Maximum Operating Junction 
Temperature as listed in the 
Maximum ratings Section 
Ta = Maximum De^red Operating Ambient 
Temperature 

R0jA(Typ) = Typical Thermal Resistance 
Junction to Ambient 











Specifications and Applications 
Information 


DUAL TIMING CIRCUIT 

The MC3556/I\/IC3456 dual timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor per timer. For astable operation 
as an oscillator, the free running frequency and the duty cycle are 
both accurately controlled with two external resistors and one 
capacitor per timer. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 mA 
or drive MTTL circuits. 

• Direct Replacement for NE556/SE556 Timers 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0.005% per °C 

• Normally "On" or Normally "Off" Output 

• Dual Version of the Popular MCI 555/MCI 455 Timer 


FIGURE 1 - 22^ECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


DUAL 

TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632-02 
TO-116 


Discharge A 



t = 1.1; R.C = 22 s 
Time delay <t) is variable 
by changing R and C. (See 
Figure 16.) 




£j Discharge B 


P SUFFIX 

PLASTtC PACKAGE 
CASE 646 
(MC3456 only) 



TYPICAL APPLICATIONS 

• Time Delay Generation 

• Sequential Timing 

• Linear Sweep Generation 

• Precision Timing 

• Pulse Generation 

• Pulse Shaping 

• Missing Pulse Detection 

• Pulse Width Modulation 

• Pulse Position Modulation 
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MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


FIGURE 3 - GENERAL TEST CIRCUIT 


Discharge Current 


Power Dissipation (Package 
Limitation) 

Ceramic Dual-ln-Line Package 
Derate above = +25°C 
Plastic Dual In-Line Package 
Derate above T/\ = +25°C 


Operating Ambient Temperature 
Range MC3556 

MC3456 


Storage Temperature Range 


^ymbolj 

Value 

Unit 


+ 18 


heb 

200 

gggi 

Pd 

1000 

mW 


6.6 

mW/°C 


625 

mW 


5.0 

mW/°C 

Ta 

-55 to +125 

°C 


0 to +70 


'•'stg 

-65 to+150 

°C 



ELECTRICAL CHARACTERISTICS (T^ = +25^C, ^cc ~ '*■5-0 V to +15 V unless otherwise not ^,) 


12331 IBSQIliilSSHHSESB I 


Supply N/oitage 


Supply Current (Per timer, double for both halts) 
Vcc “ 5.0 V. Rl = 

VcC = 15 V, Rl = 

Low State, (Note 1) 


Timing Error (Note 2) 
Monostable Mode 
Ra * 2.0 kn to 100 kn 
Initial Accuracy C * 0.1 uF 
Drift with Temperature 
Drift with Supply Voltage 


Astable Mode 

Ra ~ Rb “ 2.0 kn to 100 kn 
C "O.oi nF 
Initial Accuracy 
Drift with Temperature 
Drift with Supply Voltage 


Threshold Voltage 


Trigger Voltage 
Vcc = 15 V 

Vcc = 5.0 V 


Trigger Current 


Reset Voltage 


Reset Current 


Threshold Current (Note 3) 


Control Voltage Level 

Vcc = 15 V 

Vcc = 5.0 V 

Output Voltage Low 


(Vcc = 15 V) 


^sink " 1® 


'sink “ 50 mA 


(sink ~ 1^ 


(sink " 200 mA 


(Vcc = 5.0 V) 


•sink = 8.0 mA 


(sink " 5.0 mA 


Output Voltage High 


((source =* 200 mA) 


Vcc = 15 V 


((source * 18® mA) 


Vcc - 15 V 


Vcc = 5.0 V 



Toggle Rate (Figures 17,19) 

Ra ' 3.3 kn. Rb = 6.8 kn, C = 0.003 mF 


Discharge Leakage Current 


Rise Time of Output 


Fall Time of Output 


Matching Characteristics Between Sections 
(Monostable) 

Initial Timing Accuracy 
Timing Drift with Temperature 
Drift with Supply Voltage 


NOTES: 1. Supply current when output is high is typically 2.0 mA less. 3. This wilt determine the maximum value of Ra Rb 

2. Tested at Vq^ 5.0 V and Vq^^ - 15 V. 15 V operation. The maximum total R = 20 megohms. 
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TYPICAL CHARACTERISTICS 

(Ta = +25°C unless otherwise noted.) 


FIGURE 4 - TRIGGER PULSE WIDTH FIGURE 5 - SUPPLY CURRENT FIGURE 6 - HIGH OUTPUT VOLTAGE 


■miliiii 

■■lipiii 


0 0.1 0.2 0.3 0.4 

VT(min), MINIMUM TRIGGER VOLTAGE 
(XVcc = Vdc). 


5.0 10 15 

VCC. SUPPLY VOLTAGE (Vdc) 


iiiMniiira 

mwmimsssmX 

iiiilMHIIIB 
nilBSSSil" 
SiiMHIII 


mil 


1.0 2.0 5.0 10 20 50 100 

Isource(mA) 


FIGURE 7 - LOW OUTPUT VOLTAGE 
@ Vqc = 5.0 Vdc 


FIGURE 8 - LOW OUTPUT VOLTAGE 
@ Vcc = 10 Vdc 
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FIG UR E 9 - LOW OUTPUT 
VOLTAGE @> Vcc = 15 Vdc 


nimmnipil 

■■■■BBSBBi 
nilBBUII 


1.0 2.0 5.0 10. 20 50 

ISINK.(mA) 


FIGURE 10 - DELAY TIME 
versus SUPPLY VOLTAGE 


FIGURE 11 - DELAY TIME 
versus TEMPERATURE 


FIGURE 12 - PROPAGATION DELAY 
versus TRIGGER VOLTAGE 


5.0 10 15 20 

Vcc. SUPPLY VOLTAGE (Vdc) 


-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, ambient TEMPERATURE (“O 


0 0.1 0.2 0.3 

VT(min), MINIMUM TRIGGER VOLTAGE 
(X Vcc = Vdc) 
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FIGURE 13- 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 



GENERAL OPERATION 


The MC3556 is a dual timing circuit which uses as Its 
timing elements an external resistor — capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing Is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com¬ 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com¬ 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providingoutput timing independent of supply voltage. 


Mpnostabte Mode 

In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vet;; comparator output triggers 
the flip-flop so that it's output sets low. This turns the capacitor 
discharge transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex¬ 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vqc threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re¬ 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 Ra 0. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be. less than the timing 
period. 


A reset pin is provided to discharge the capacitor thus inter¬ 
rupting the timing cycle. As long as the reset pin is low, the capaci¬ 
tor discharge transistor is turned "on" and prevents the capacitor 
from charging. While the reset voltage is applied the digitai output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


FIGURE 14- MONOSTABLE CIRCUIT 
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MC3456, MC3556 


GENERAL OPERATION (continued) 

FIGURE 15-MONOSTABLE WAVEFORMS FIGURE 17 - ASTABUE CIRCUIT 




lOfjis 100 ms 1.0 ms 10 ms 100 ms 1.0 10 100 

Id, TIME DELAY (s) 


Astable Mode 


In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vccand 2/3 Vcc- See Figure 17. 


The external capacitor charges to 2/3 Vcc through Ra and Rg 
and discharges to 1/3 Vcc through Rg. By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by; t^ = 0.695 (RA+Rg) C 
The discharge time (output low) by: t 2 = 0.695 (Rg) C 
Thus the total period is given by: T = ti + t 2 = 0.695 (RA+2Rg) C 
1 1.44 

The frequency of oscillation is then: f = — = __ __ — 

T (RA+2Rg)C 


and may be easily found as shown in Figure 19. 

Rb 

The duty cycle is given by: DC = —— 

RA+2Rg 

To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum value of Ra is given by: 

>Vcc(Vdc) ^ Vcc <Vdc) 

Ra'" 


I 7 (A) 


0.2 


FIGURE 18 - astable WAVEFORMS 



t = 20 us/cm 


(Ra = 5.1 kn,C = 0.01 pF, RL=1.0kn; 
RB = 3.9kn,Vcc= 15 V) 



0.1 1.0 10 100 1.0 k 10 k 100 k 200 k 


f, FREE-RUNNING FREQUENCY (Hz) 


8-138 


















































MC3456, MC3556 


APPLICATIONS INFORMATION 


TONE BURST GENERATOR 

For a tone burst generator the first timer is used as a 
monostable and determines the tone duration when trig¬ 
gered by a positive pulse at Pin 6. The second timer is 
enabled by the high output of the monostable. It is con¬ 
nected as an astable and determines the frequency of 
the tone. 


DUAL ASTABLE MULTIVIBRATOR 

This dual astable multivibrator provides versatility not 
available with single timer circuits. The duty cycle can be 
adjusted from 5% to 95%. The two outputs provide two 
phase clock signals often required in digital systems. It 
can also be inhibited by use of either reset terminal. 



FIGURE 21 - DUAL ASTABLE MULTIVIBRATOR 
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MC3456, MC3556 


APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation 

If the timer is triggered with a continuous pulse trair\ in the 
monostable mode of operation, the charge time of the capacitpr 
can be varied by changing the control voltage at pin 3 . In this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 22 


+ Vcc (5 to 15 V) 


Resold Vcg9 
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Clock 

Input 


1/2-MC35S6 

1/2-MC3456 


□ischarge 
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Control 

-O-• 
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FIGURE 23 - PULSE WIDTH MODULATION WAVEFORMS 
(RA = 10kn,C = 0.02pF,Vcc = 15V) ' 



t = 0.5 ms/cm. 


Test Sequences 

Several timers can be connected to drive each other for sequen¬ 
tial timing. An example is shown in Figure 24where the sequence 
is started by triggering the first timer which runs for 10 itis. The 
output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 24 


Vcc (5 1° 15 V) 



Load ” . Load ” ~ Load 
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MLM565CP 


PHASE-LOCKED LOOP 


The MLM565C is designed for general-purpose phase-locked 
loop applications to 500 kHz. 


• Stable Center Frequency — 200 ppm/°C (Typ) 

• Flexible Power Supply Range — 

+5 to ±12 Volts with Small Frequency Drift — 100 ppm/% (Typ) 

• Low Total Harmonic Distortion of Demodulator Output 

-1.5% (Max) 

• Linear Triangle Wave Output - 0.5% (Typ) 

• TTL, DTL Compatible Inputs and Outputs 

• Adjustable Hold In Range — ±1% to >±60%. 


PHASE-LOCKED LOOP 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 

PLASTIC PACKAGE 





























MAXIMUM RATINGS 


Rating 


Power Supply Voltage 


Power Dissipation (Package Limitation) 
Derate above 25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (Test Circuit Figure 2, T/^ = 25°C, Vqc = ±6.0 Vdc unless otherwise noted.) 


Characteristic 


Power Supply Current 


Input Impedance (Pins 2, 3) 
-4.0 V < V2, V3 < 0 V 


Input Level Required for Tracking 

fg = 10 kHz, ±10% Frequency Deviation 


VCO Maximum Operating Frequency 
Co = 2.7 pF 


Operating Frequency Temperature Coefficient 


Frequency Drift with Supply Voltage 


Triangle Wave Ouptut Voltage 


Triangle Wave Output Linearity 


Square Wave Output Level 


VCO Output Impedance (Pin 4) 


Square Wave Duty Cycle 


Square Wave Rise Time 


Square Wave Fall Time 


Output Current Sink (Pin 4) 


VCO Sensitivity 


Demodulated Output Voltage (Pin 7) 

fo = 10 kHz, ±10% Frequency Deviation 


Total Harmonic Distortion 

fo = 10 kHz, ±10% Frequency Deviation 


Output Impedance (Pin 7) 


DC Output Voltage Level (Pin 7) 


Output Offset Voltage (Input = 0) 
/V7-V6/ 


Temperature Drift of /V7-V6/ 


AM Rejection 


Phase Detector Sensitivity Kp 




MOTOROLA Semiconductor Rroductc 





























































































OUTPUT VOLTAGE V7-V6 (V) NORMALIZED LOCK RANGE SUPPLY CURRENT (mA) 



8 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for Inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


—— (g) MOTOROLA S&miconductor Rroducts Inc. 
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MLiVI565C 



GENERAL APPLICATIONS INFORMATION 

The following formulas are useful when designing with the 
MLM565C: 

1 


1. Center Frequency — 


3.7 RqCo 


Where: fo is the frequency of the VCO without input 
signal. For Rq, Cq circuit location see Figure 2. 

2. Loop Gain — KqKdA 
Definitions: 

Kq — VCO Conversion Gain — the conversion factor 
between VCO frequency and control voltage. 

Kq = 4.12 fo (units are in radians/sec/volt) 
Example: for VCO Sensitivity @ 10 kHz (in Hz/volt) 

^ 4.12 X 104 = 6600 Hz/Volt 

2 TT radians 

Kd —Phase Detector Gain Factor — the conversion 
factor between the phase detector output voltage 
and the phase difference between input and 
VCO signals. Units are in volts/radian. 

kd-®'*'' 


Where: 

Hence: 


vcc 

A = f(R6to R7) 


Kd = 


8.1 

Vcc 


[f(R6-R7)] 


Where: VcG total system supply voltage, 
f(R6-R7) is internal amplifier gain (See Fig¬ 
ure 9). Vcc - total supply voltage to the circuit. 


3. Lock Range 


Where: fL is the range of frequencies in the area 
of fo over which the VCO, once locked to the 
input signal, will remain locked. 


4. Capture Range — f^ s* ± 


1 

27r 


'2 7rfL 


Where: fg is that range of frequencies around 
fp over which the loop will acquire lock with an 
input signal initially starting out of lock. 

(r = Time Constant at Pin 7) 


FIGURE 9 - INTERNAL AMPLIFIER GAIN CHARACTERISTICS 



'—- MGT^RGLA SGmic€»n€Muct€»r Pr€^uct9 Inc, 

- •' BOX 20912 • PHOENIX. ARIZONA 85036 • A SUBSIDIARY OF MOTOROLA INC. 
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Adva^nce Information 


DIFFERENTIAL TWO-STAGE VIDEO AMPLIFIER 

The SE/NE592 is a monolithic, two-stage, differential output, 
wideband video amplifier. It offers fixed gains of 100 and 400 with¬ 
out external components and adjustable gains from 400 to 0 with 
one external resistor. The input stage has been designed to that with 
the addition of a few external reactive elements between the gain 
select terminals, the circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications, magnetic memories, display 
and video recorder systems. The 592 is a pin-for-pin replacement for 
the MCI 733. 

• 120 MHz Bandwidth 

• Adjustable Gains From 0 to 400 

• Adjustable Pass Band 

• No Frequency Compensation Required 




VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 

METAL PACKAGE 
CASE 603 . 


G1^ Gain Salect 

G2/\ Gain Selec T^VCC 

Input 1 I 

Input 2 

G2b Gain Select 

Gig Gain Select 
(top view) 

Pin 5 connected to case 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 



(top view) 


ORDERING INFORMATION 


Device 

Temperature 

Range 

Package 

NES92L 

0 to 70°C 

Ceramic DIP 

NES92G 

0 to 70“C 

Metal Can 

SE592L 

-50 to +125“C 

Ceramic DIP 

SE592G 

-55 to +125°C 

Metal Can 



This is advance information and specifications are subject to change vvithout notice. 
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MAXIMUM RATINGS tT/^= +25®C unless otherwise noted) 


Rating 


Power Supply Voltage 


Differential Input Voltages 


Common-Mode Input Voltage 


Output Current 


Operating Ambient Temperature Range 
SE592 
NE592 


Operating Junction Temperature Range 


Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (Vcc “ +6.0 V, Vgg = -6.0 V, Vgiyi = 0, T/\ = 25°C unless otherwise noted.) 



Differential Voltage Gain 
(Gain 1, Rl = 2 kO Note 1) 
(Gain 2, V{,ut = 3 Vp-p Note 2) 


Bandwidth 

(Gain 1, Note 1) 
(Gain 1, Note 2) 


Rise Time 

(Gain 1, Vq = 1 Vp-p, Note 1) ' 
(Gain 2, Vp = 1 Vp-p, Note 2) 


Propagation Delay 

(Gain 1, Vo= 1 Vp-p, Note 1) 
(Gain 2, Vq = 1 Vp-p, Note 2) 


Input Resistance 
(Gain 1, Note 1) 
(Gain 2, Note 2) 


Input Capacitance 
(Gain 2, Note 2) 


Input Offset Current 


Input Bias Current 


input Noise Voltage 

(BW = 1 kHz to 10 MHz) 


Input Voltage Range 


Common-Mode Rejection Ratio 

(Gain 2, Vcm = ± 1 V, f < 100 kHz) 
(Gain 2, VcM - ±1 V, f = 5 MHz) 


Supply Voltage Rejection Ratio 
(Gain 2, AVs = ±0.5V) 


Output Offset Voltage 

(Gain 3, Rl = “>, Note 3) 


Output Common-Mode Voltage 
(RL = °°) 


Output Voltage Swing 
(RL = 2k) 


Output Resistance 


Power Supply Current 
(Rl = '*) 


Note 1. Gain select pins G 1/\ and Gig connected together. 
Note 2. Gain select pins G2/^ and G2g connected together. 
Note 3. All gain select pins open. 



MOTOROLA Semiconductor Producic Inc. 
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NE592, SE592 


GENERAL TEST CIRCUITS 


0.2 tip 



THERMAL INFORMATION 


The maximum power consumption an integrated cir¬ 
cuit can tolerate at a given operating ambient temperature, 
can be found from the equation: 


PD(Ta) = 


Tj(max) ~ 

R0JA(Typ) 


Where: Pd(Ta) “ Power Dissipation allowable at a given 


operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) “ Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 

R 0 jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 





MOTOROLA SGmlcondUctor Rro€luGt9 Inc. 
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CASE OUTLINE DIMENSIONS 


The packaging availability for each device type is indicated on the individual data sheets 
and the Selector Guide. All of the outline dimensions for the packages are given in this 
section. Outline dimensions for non-encapsulated standard linear device chips and flip-chip 
devices are found in the Chips Data Book. 

The maximum power consumption an integrated circuit can tolerate at a given operating 
ambient temperature can be found from the equation: 

_ Tj{max) ■ Ta 

R0JA(Typ) 

where: Pd(Ta) “ Power Dissipation allowable at a given operating ambient temperature. 

This must be greater than the sum of the products of the supply voltages 
and supply currents at the worst case operating condition. 

Tj(max) “ Maximum Operating Junction Temperature as listed in the Maximum 
Ratings Section. See individual data sheets for Tj(max) information. 

Ta = Maximum Desired Operating Ambient Temperature 
R0JA(Typ) ~ Typical Thermal Resistance Junction to Ambient 


Tj(max) 
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CASE 606 (TO-gi) 

Ceramic Package 
R0JA = 165° C/W(Typ) 



LEADSWITHIM0.25mm (0.010) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 
(AT BODY) 




■aiEiBBiEgiBEBaojia 


Ail JEDEC dimensions and notes apply 

















































CASE 620 

Ceramic Package 
R0JA = 100° C/W(Typ) 








MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

13.05 

19.81 

0.750 

0.780 

B 

6.22 

6.98 

0.245 

0.275 

C 

4.06 

5.08 

0.160 

0.200 

0 

0.38 

0.51 

0.015 

0.020 

F 

1.40 

1.65 

0.055 

0.065 

6 

2.54 BSC 

0.101 

BSC 

H 

0.51 

1.14 

0.020 

0.045 

J 

0.20 

0.31 

0.008 

0.012 

K 

3.18 

0.30 

0.125 

0.160 

L 

7.37 

7.87 

0.290 

0.310 

M 

- 

1511 

- 

15“ 

N 

0.51 

1.02 

0.020 

0.040 


—J G 1— X -JL-j U 


NOTES: 

1 LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION’ 

2 PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT' 

3 DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL' 


CASE 623 

Ceramic Package 
RaJA = 53° C/W(TVP) 





J -/ Um j- 


NOTES: 

1. DIM "L''T0 CENTER OF 
LEADS WHEN FORMED 
PARALLEL 

2. LEADSWITHiNO.ISmm 

. (0.005) RADIUS OF TRUE 

POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
(WHEN FORMED PARALLEL) 


liaiMlMlMLMMiilJM 

l iHriilliWlBil.TililliMTil 

l ia»ll.yiBHi!jnHlillil:(iM 

—iiH'iiMiKnigininignriTfi 




CASE 626 

Plastic Package 
R0JA = 100° C/W(Typ) 



- - A - 



I I f_ ^1 

I II—1^. M 


BWKtWirirHifCTIiB!!! 

M KM Eai mFnii iiiRirii 

—iiiM wa iiipaiiiHa 

iiiyMiinafiiiVjiiiiijBa 

iiiunnimiMiiiiMi 


NOTES: 

1. LEAOSWITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM "L" TO CENTER OF 

LEADS WHEN FORMED PARALLEL. 













































CASE 649 

Plastic Package 
R0JA = 90° C/W(Tvp) 




lyTT 
—|h[— 


MMHiiwiiijiLaijEa 

■rw— 

■MMilHl»liHli|iMilli|iHil 

M M!ltlM*l.lli)[iliM tljia 

■nsBiiEnBifni’iii^iiiriiiTii 


-JLj ' 


NOTES; 

1. LEADSWITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION •'L"T0 CENTER OF 
LEAOSWHEN FORMED PARALLEL. 


CASE 650 

Ceramic Package 
R0JA = 140° C/W{Typ) 




NOTES. 

1. LEAD NO. 1 IDENTIFIED BY TAB 
ON LEAD OR DOT ON COVER. 

2. lEADSWITHIN 0.13 mm (0.005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 


n PTTnii'ilijjjim MTIilTnjMI 

I BEIIfilci mOTHi'lBTirilill 


irnica —'U lm - 

IM iH.l—IIM.I.LHlI 

















CASE 690 

Ceramic Package 
RejA = 100° C/W(Typ) 




MtLLlMETEfiS fWCHES 

DIM MIN I MAX MIN I MAX 
A 18.80 19.23 0.740 0.757 

C 2.67 3.94 0.105 0.155 

D 0.41 0.51 0.Q16 0.020 

' F 1.14 I 1 . 4 D ~a045T0.055~ 

G " 2.54 BSC 0.100 BSC 

H 0.51 I 0.71 ~07020 I 0.028 

J 0.20 0.3! 0.008 0.012 

K 3.56 I 4.83~ O.MoTo.igO 

L 7.62 BSC 0.300 BSC 

M - I 100~~ r IQO" 

N 0.84 I 1.14~ 0.025 | 0.0^ 



G H— LseaTING PLANE 




NOTE 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 


CASE 693 

Ceramic Package 
R0JA = 100° C/W(Typ) 






NOTES: 

1. LEADS WITHIN 0.13 mm 10.006) 
RAO OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 





■■■ismai 
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CASE 701 

Plastic Package 
R(?JA = 100° C/W(Typ) 





JhI— JgI- -^1*-° ' 




MILLIMETERS 

INCHES 

DIM 

MIDI 

MAX 

MIN 

MAX 

A 

23.11 

23.88 

0.910 

0.940 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

• 1.52 

Q.040 

0.060 

n 

2.5i 

BSC 

0.10C 

BSC 

H 

1.32 

1.83 

0.052 

0.072 

.1 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

IVI 

0“ 

10° 

0° 

10° 

N 

0.51 

1.02 

0.020 

0.040 


NOTES: 

1. LEADSWITHIN0.13mm 
(0.005) RADIUM OF TRUE 
POSITION AT SEATING - 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
(DIM "G"). 

2. DIMENSION "L"TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 
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CASE 726 

Ceramic Package 
R0JA = 100° C/W(Typ) 






H - J- L F 


u y y \u 

[ ^ 


pL* ]\ L^SEATINQ PLANE 


NOTES: 

1. LEADS. TRUE mmONEO 
WITHIN 0.25 mm (0.010) DiA. 
AT SEATING PLANE, AT 
MAXIMUM MATERIAL 
CONDITION. 

2. DIM "L" TO CENTER OF • 
LEADS WHEN FORMED 
PARALLEL. 

3. DIM "A" & "8" INCLUDES 
MENISCUS. 
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■M — MSB —■EM 
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MOTOROLA 

Semiconductors 

BOX 20912 . PHOENIX, ARIZONA 85036 


*NO. 6 SHEET METAL SCREWS 
B51564F003 


INSULATOR 

(3 OPTIONS AVAILABLE) 
MICA-B52600F011 
FIBERGLASS-851080A001 
ANODIZED ALUMINUM- 
B51078A001 \i 



POWER TRANSISTOR 
MOTOROLA CASE1 


•NYLON INSULATING 
BUSHING 
B51547F002 > 



CHASSIS OR 
HEAT SINK 


SOCKET . 
B51084A001 


* Longer screws (not available from Motorola) and multiple bushings may be required 
for thick chassis or heat sink. 


MOUNTING 

HARDWARE 

TO-3 


This hardware is applicable 
to the following packages. 



CASE 1 (TO-3) 
CASE 3 
CASE 11A 
CASE 11 (TO-3) 
CASE 12 
CASE 54 
CASE 197 
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MOTOROLA 

Scmiconduciors 

BOX 20912 . PHOENIX, ARIZONA 85036 


MOUNTING 

HARDWARE 

T0-220AB 


Part numbers in this 
column for 


Part numbers in this 
column for 


NON-INSULATED MOUNTING INSULATED MOUNTING 


6-32 HEX HEAD SCREW 
B09489A035 



RECTANGULAR STEEL WASHER 
B09002A001 \ 


SEMICONDUCTOR. 
(CASE 221,221A) 


HEAT SINK 
OR CHASSIS . 


NYLON BUSHING 
B51547F005 


6-32 HEX NUT . 
B09490A006 


4-40 HEX HEAD SCREW 
B09489A034 


^NYLON INSULATING BUSHING 
B51547F015 



'RECTANGULAR 
MICA INSULATOR 
B08853A001 


COMPRESSION WASHER 
B52200F005 


4-40 HEX NUT 
B09490A005 


TORQUE REQUIREMENTS 

INSULATED 0.68 N-M (6 IN-LBS) MAX 
NON-INSULATED 0.9 N-M (8 IN-LBS) MAX 
















MOUNTING HARDWARE TO - 220AB 


(PIMENSiON - 


MILLIMETER. 


HEX HEAD SCREW 
CARBON STEEL 
CADMIUM-PLATED 


MICA INSULATOR 
B08853A001 


3.68-3.81 
’ 0.145-0.150 


3.05-3.28 

0.120-0.129 





HEX NUT 
CARBON STEEL 
CADMIUM-PLATED 


9.53-10.0 

0.375-0.394 


t 1.14-1.40 
0.045-0.055 

STEEL COMPRESSION 
WASHER 
B52200F005 

RECTANGULAR 
STEEL WASHER 
B09002A001 


I 4.83-5.33 
' 0.190-0.210 
21.08-21.59 
0.830-0.850 




1.47-1.57 

0.058-0.062 



2.41-2.67 


0.095-0.105 

1.40-1.65 
0.055-0.065 
0.05-0.08 
r 0.002-0.003 


NYLON 

INSULATING BUSHING 




3.58-3 68 
0.141-0.145 


10.16-10.41 

0.400-0.410' 


5.46-5.72 

0.215-0.225 


1.52-1.62 T 
0.060-0.064 

DIMENSIONS-MILLIMETER (INCH) 

NYLON BUSHING 



L — D — J 


PART NO. 

DIM A 

DIM B 

DIMC 

DIM D 

DIM E 

B51547F005 

9.40-9.65 

(0.370-0.380) 

3.84-4.09 

(0.151-0.161) 

2.16-2.41 

(0.085-0,095 

6.10-6.35 

(0.240-0.250) 

1.02-1.27 

(0.040-0.050) 

B51547F015 

5.59-6.10 

(0.220-0.240) 

3.05-3.15 

(0.120-0.124) 

1.57-1.68 

(0.062-0.066) 

3.56-3.66 

(0.140-0.144) 

0.51-0.64 

(0.020.0.025) 


OIMG 


B09490A005 6.12-6.35(0.241-0.250) 


B09490A006 7.67-7.92 10.302-0.3121 


HEX NUT 


DIM H 


6.98-7.34 (0.275-0.289) 


8.74-9.17 (0.344-0.361) 


DIM J 


2.21-2.49 (0.087-0.098) 


2.59-2.90 (0.102-0.114) 


DIM K 


2.84 NOIV) (0,112 NOM) 


3.50 NOW) (0.138 NOM) 





B09484A034 0.112-40 1.24-1.52(0.049-0.060) 5.13 MIN (0.202 MIN) 4.60-4.75(0.181-0.187) 


B09484A035 0.138-32 2.03-2.36 (0.080-0.093) 6.91 MIN (0.272 MIN) . 6.20-6.35 (0.244-0,250) 


MOTOROLA Semiconductor Products inc. 
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APPLICATION NOTE ABSTRACTS 


The application notes listed in this section have been prepared to acquaint the circuits and systems 
engineer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes, 
simply list the AN number or numbers and send your request on your company letterhead to: Technical 
Information Center, Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, Arizona 85036. 


AN-204A The MC1530, MC1531 integrated Operational 
Amplifiers 

Two new high performance monolithic opera¬ 
tional amplifiers feature exceptionally high input im¬ 
pedance and high open loop gain. This note describes 
the function of each stage in the circuit, methods of 
frequency compensating and DC biasing. Four appli¬ 
cations are discussed: a summing circuit, an integrator, 
a DC comparator, and transfer function simulation. 

AI\I-245A An Integrated Core Memory Sense Amplifier 

This application note discusses core memories 
and related design considerations for a sense ampli¬ 
fier. Performance and environmental specifications 
for the amplifier design are carefully established so 
that the circuit will work with any computer using 
core memories. The final circuit design is then anal¬ 
yzed and'measured performance is discussed. The 
amplifier features a small uncertainty region (6 mV 
max), adjustable voltage gain, and fast cycle time 
(0.5 ms). 

AN-261 A Transistor Logarithmic Conversion Using an 
Operational Amplifier 

The design of a log amplifier using a common 
base transistor configuration as the feedback element 
of an integrated circuit operational amplifier circuit 
is discussed in this application note. Six decades of 
logarithmic conversion are obtained with less than 1% 
error of output voltage. The possible causes of error 
are discussed followed by two applications: direct 
multiplication of two numbers, and solution of the 
equation Z = X”. 

AN-273A More Value out of Integrated Operational 
Amplifier Data Sheets 

The operational amplifier is rapidly becoming a 
basic building block in present day solid state elec¬ 
tronic systems. The purpose of this application note 
is to provide a better understanding of the open loop 
characteristics of the amplifier arid their significance 
to overall circuit operation. Also, each parameter is 
defined and reviewed with'respect to closed loop con¬ 
siderations. The importance of loop gain stability 
and bandwidth is discussed at length. Input offset 
circuits are also reviewed with respect to closed loop 
operation. 

AN-290B Mounting Procedure for, and Thermal Aspects 
of. Thermopad Plastic Power Devices 

Many Motorola power devices are now available 
in the Plastic Thermppad packages. Three package 
types are presently available. This application note 
provides information concerning the handling and 


mounting of these packages, as well as information on 
some thermal aspects. 

AN-401 The MCI 554 Dne-Watt Monolithic integrated 
Circuit Power Amplifier 

This application note discusses four different 
applications for the MC1554, along with a circuit des¬ 
cription including DC characteristics, frequency re¬ 
sponse, and distortibn. A section of the note is also 
devoted to package power dissipation calculations in¬ 
cluding the use of the curves on the power amplifier 
data sheet; 

-403 Single Power Supply Dperation of 1C Dp Amps 

A split zener biasing technique that permits use 
of the MC1530/1531, MC1533, and MC1709 opera¬ 
tional amplifiers and their restricted temperature 
.counterparts MC1430/1431, MC1433 and MC1709C 
from a single power supply voltage is discussed in de¬ 
tail. General circuit considerations as well as specific 
AC and DC device considerations are outlined to mini¬ 
mize operating and design problems. 

AN-404 A Wideband Monolithic Video Amplifier 

This note describes the basic principles of AC 
and DC operation of the MC1552G and MC1553G, 
characteristics obtained as a function of the device 
operating modes, and typical circuit applications. 

AN-407 A General Purpose 1C Differential Dutput 

Dperational Amplifier 

This application note discusses four different 
applications for the MC I 520 and a complete descrip¬ 
tion of the device itself. The final sections of the 
note discuss such topics as operation from single and 
split power supplies, frequency compensation, and 
various feedback schemes. 

AN-411 The MCI 535 Monolithic Dual Dp Amp 

This note discusses two dual operational ampli¬ 
fier applications and an input compensation scheme 
for fast slew rate for the MC1535. A complete AC 
and DC circuit analysis is presented in addition to 
many of the pertinent electrical characteristics and 
how they might affect the system performance. 

AN421 Semiconductor Noise Figure Considerations 

A summary of many of the important noise 
figure considerations related with the design of low 
noise amplifiers is presented. The basic fundamentals 
involving noise, noise figure, and noise figure- 
frequency characteristics are then discussed With the 
emphasis on characteristics common to all semi¬ 
conductors. A brief introduction is made to various 


AN 





methods of data sheet presentation of noise figure 
and a summary is given for the various methods of 
measurement. A dispussion of low noise circuit 
design, utilizing many of the previously discussed 
considerations, is included. 

AN-439 MCI 539 Op Amp and its Applications 

This application note discusses the MCI539, a 
second generation operational amplifier. The general 
use and operation of the amplifier is discussed with 
special mention made of improved operation over 
that of its first generation predecessor-the 709 type 
amplifier. 

In addition to the detailed discussion on the DC 
and AC operation of the device, considerable emphasis 
is placed on operational performance. Many appli¬ 
cations are offered to demonstrate the device capa¬ 
bility, including a high frequency feed-forward 
scheme, and a source follower application. 

AN4S9 A Simple Technique for Extending Op Amp 
Power Bandwidth 

The design of fast response amplifiers is pre¬ 
sented without the use of “tricky” compensation 
procedures. 

AN460 Using Transient Response to Determine 

Operational Amplifier Stability 

Analysis and an example are given for a tech¬ 
nique that evaluates the stability of any particular 
feedback amplifier configuration by analyzing its re¬ 
sponse to a step-function input. 

AN-471 Analog-to-Oigital Conversion Techniques 

The subject of analog-to-digital conversion and 

' many of the techniques that can be used to accom¬ 
plish it are discussed. The paper is written in general 
terms from a system point of view and is intended to 
assist the reader in determining which conversion 
technique is best suited for a given application. 

AN473 A Monolithic High-Power Series Voltage 

Regulator 

This note discusses MCI560/MC1561 voltage 
regulator in terms of internal operation, development 
of these circuits, and how they are advantageously 
used in supply fabrication. 

AN474 The MCI541-A Gated Dual-Channel Sense 
Amplifier for Core Memories 

The MCI541 sense amplifier can provide many 
magnetic core memory systems with lower system 
cycle times and a lower package count than with 
previous sense amplifiers. Circuit operation, design 
considerations, interface problems and typical ap¬ 
plications are discussed. 

AN-475 Using the MC1545-A Monolithic, Gated-Video 
Amplifier 

Because of the unique design of the MCI545, 
this amplifier can be used as a gated video amplifier, 
sense amplifier, amplitude modulator, frequency shift 
keyer, balanced modulator, pulse amplifier, and many 
other applications. This note describes the AC and DC 


operation of the circuit and presents applications of 
the device as a video switch, amplitude modulator, 
balanced modulator, pulse amplifier, and others. 

AN-489 Analysis and Basic Operation of the MCI595 

The MCI595 monolithic linear four-quadrant 
multiplier is discussed. The equations for the analysis 
are given along with performance that is characteristic 
of the,device. A few basic applications are given to 
assist the designer in system design. 

AN-491 Gated Video Amplifier Applications 
TheMC1545 

This application note reviews the basic opera¬ 
tion of the MCI545 and discusses some of the more 
popular applications for the MCI545. Included are 
several modulator types, temperature compensation 
of the active gate, AGC, gated oscillators, FSK 
systems, and single supply operation. 

AN-498 Voltage and Current Boost Techniques Using 
TheMC1560-61 

The stability requirements for the current 
boosted MCI560-61 are discussed. Both internal and 
external compensation techniques are shown, along 
with heat-sink design information and typical 
circuits, including a self-oscillating switching regu¬ 
lator, and a voltage boost circuit. 

AN-499 Shutdown Techniques for the MC1560-61/69 

Monolithic Voltage Regulators 

This note discusses the many ways one can use 
the shutdown control for the MCI560 Monolithic 
Voltage Regulator. These include logic control, short 
circuit detection, over voltage detection, junction 
temperature control, and thermal feedback. Also 
discussed, are current foldback and methods of 
restarting automatically from the shutdown state. 
The techniques discussed apply equally to the 
MCI560, MCI561, and MCI569 positive voltage 
regulators. 

AN-513 A High Gain Integrated Circuit RF-IF Amplifier 
with Wide Range AGC 

This note describes the operation and appli¬ 
cation of the MC1590G, a monolithic RF-IF ampli¬ 
fier. Included are several applications for IF ampli¬ 
fiers, a mixer, video amplifiers, single and two-stage 
RF amplifiers. 

AN-522 The MCI556 Operational Amplifier and its 
Applications 

This application note discusses the MCI556, a 
second generation, internally compensated mono¬ 
lithic operational amplifier. Particular emphasis is 
placed on its distinct advantages over the early 
709-type' amplifier and the more recent 741-type 
amplifier. 

Along with a description of its operation this 
note presents a discussion on various applications of 
the MC1556, highlighting its capabilities, and points 
out its characteristics so the reader may make 
effective use of the device. 



AN'531 MCI596 Balanced Modulator 

The MCI5-96 monolithic circuit is a highly 
versatile communications building block. In this note, 
both theoretical and practical information are given 
to aid the designer in the use of this part. Appli¬ 
cations include modulators for AM, SSB, and sup¬ 
pressed carrier AM; demodulators for the previously 
mentioned modulation forms; frequency doublers 
and HF/VHF double balanced mixers. 

Al\l-S33 Semiconductors for Plated-Wire Memories 

An introduction to the operation and electrical 
characteristics of plated-wire memories is provided in 
conjunction with the applications of semiconductors 
that interface with the plated-wire memories. 

Devices discussed include drivers, sense ampli¬ 
fiers, and decoders. Memory organization and mem¬ 
ory-related semiconductor applications are also men¬ 
tioned. 

AI\t-543A Integrated Circuit IF Amplifiers for AM/FM 
and FM Radios 

This application note discusses the design and 
performance of four IF amplifiers using integrated 
circuits. The IF amplifiers discussed include a high 
performance circuit, a circuit utilizing a quadrature 
detector, a composite AM/FM circuit, and an econ¬ 
omy model for use with an external discriminator. 

AI\I-54S Television Video IF Amplifier Using Integrated 
Circuits 

This applications note considers the require¬ 
ments of the video IF amplifier section of a television 
receiver, and gives working circuit schematics using 
integrated circuits which have been specifically de¬ 
signed for consumer oriented products. The inte¬ 
grated circuits used are the MCI350, MCI352, 
MC1353 andtheMC1330. 

AN-547 A High-Speed Dual Differential Comparator, 
The MC1514 

This application note discusses a few of the 
many uses for the MC1514 dual comparator. Many 
applications such as sense amplifiers, multivibrators, 
and peak level detectors are presented. 

AN-553 A New Generation of Integrated Avionic 
Synthesizers 

The need to generate signals of a multitude of 
different frequencies for avionic systems has resulted 
in complex solutions in the past. With the intro¬ 
duction of certain standard product integrated cir¬ 
cuits, frequency synthesis using digital phase locked 
loop techniques presents a more practical solution. 
Several different types of servo phase locked loop 
systems are discussed and a practical design example 
is given. Results of design examples are presented 
along with possible applications. 

AN-557 Analog-to-Digital Cyclic Converter 

The A/D cyclic converter discussed in this note 
provides medium speed (1-5/as/ bit) and medium 
accuracy (7 or 8 bits) operation. A Cyclic converter 
uses the successive approximation technique in which 


an unknown analog input voltage is. successively 
compared to a reference voltage to determine each bit 
of the digital output. 

AN-559 Simple RAMP A/D Converter 

A simple single ramp A/D converter which 
incorporates a calibration cycle to insure an accuracy 
of 12 bits is discussed. The circuit uses standard ICs 
and requires only one precision part—the reference 
voltage used in the calibration. This converter is 
useful in a number of instrumentation and measure¬ 
ment applications. 

AN-564 An ADF Frequency Synthesizer Utilizing Phase 
Locked-Loop Integrated Circuits 

This application note describes ah 1C phase 
locked-loop frequency synthesizer suitable for the 
local osciallator function in aircraft Automatic Di¬ 
rection Finder (ADF) equipment. 

AN-587 Analysis and Design of the Dp 
Amp Current Source 

A voltage controlled current source utilizing an 
operational amplifier is discussed. Expressions for the 
transfer function and output impedances are de¬ 
veloped using both the ideal and non-ideal op amp 
models. A section on analysis of the effects of op 
amp parameters and temperature variations on circuit 
performance is presented. 

AN-588 A 20 kHz, 1 kW Line Operated Inverter 

This report describes a 1 kilowatt ultrasonic 
inverter for use in 208-volt, line-operated, computer 
main-frame power supply systems. This particular 
design has an output capability of 5 Volts at 200 
Amperes. 

AN-589 Generate Custom Waveforms Digitally 

A method of generating custom waveforms 
using IC counters, a read-only memory, and a new 
monolithic D/A Converter is described. Performance 
of a prototype model is noted as well as possible 
applications. 

AN-590 Servo Motor Drive Amplifiers 

The design of transformerless, AC servo ampli¬ 
fiers using power darlington transistors and IC op 
amps are discussed. Two types of power amplifiers 
are illustrated, one using single +28 Volt power supply, 
the second using high voltage transistors in comple¬ 
mentary configuration for operating directly off the 
line. 

Four different op amp preamplifiers and 90 
phase shifters are also described. 

AN-594 A Frequency Synthesizer for Aircraft 

Automatic Direction Finding Systems 

This report describes a phase locked loop 
frequency synthesizer suitable as the local oscillator 
in an ADF system. The synthesizer is designed for 
receivers using a 455 kHz IF system. Motorola 
application note AN-564 describes a similar system 
for receivers using a 10.7 MHz IF. 




AN-597 Power Control Using the Zero Voltage Switch 

This application note discusses the advantages of 
zero-voltage switching using the Motorola MFC8070. 
A temperature control circuit is shown which demon¬ 
strates the design flexibility of CMOS and optical- 
coupler combinations. 

AN-599 Mounting Techniques For Metal Packaged Power 
Semiconductors 

For cooler, more reliable, operation, proper 
mounting procedures must be followed if the interface 
thermal resistance between the semiconductor package 
and heat sink is to be minimized. Discussed are aspects 
of preparing the mounting surface, using thermal com¬ 
pounds, and fastening techniques. Typical interface 
thermal resistance is given for a number of packages. 

AN-702 High Speed Digital-To-Analog and Analog-To- 
Digital Techniques 

A brief overview of some of the more popular 
techniques for accomplishing D/A and A/D tech¬ 
niques. In particular those techniques which lead 
themselves to high speed conversion. 

AN-703 Designing Digitally-Controlled Power Supplies 

This application note shows two design ap¬ 
proaches; a basic low voltage supply using an in¬ 
expensive MCI723 voltage regulator and a high 
current, high voltage, supply using the MC1466 float¬ 
ing regulator with optoelectronic isolation. Various 
circuit options are shown to allow the designer 
maximum flexibility in any application. 

AN-705 Pulse Width Modulation for Small DC Motor 
Control 

This application note explains the use of modem 
pulse width modulation techniques as an efficient and 
economical solution to small DC motor control. 
Several practical circuit design approaches using dis¬ 
crete, operational amplifier and integrated circuit de¬ 
vices are described and illustrated. 

AN-710 Communication System Transmission Losses 

This report shows the derivation of the equa¬ 
tions used to calculate the insertion loss associated 
with various component parts of a communications 
channel. The combinations of components form a 
system whose overall loss may not be equal to the 
sum of the losses of the various parts. 

AN-711 The Recovery of Recorded Digital Information 

in Drum, Disk and Tape Systems 

The use of magnetic recording techniques has 
long been an important means of sorting digital infor¬ 
mation, as evidenced by the wide variety of equipment 
currently in use. Representative systems utilize drums, 
disks and tape as the recording medium. 

All three techniques share the common problem 
of recovering the recorded digital information. The 
analog signal obtained by passing the recording medi¬ 
um by a magnetic sensor (Read Head) must be con¬ 
verted to a suitable digital format. 

This application note reviews the general problem 
and discusses a number of specific circuit approaches. 


AN-713 Binary D/A Converters can Provide BCD-Coded 

Conversion 

This note describes the application and use of 
integrated circuit D/A converters for use in providing 
a BCD-coded conversion. The technique is illustrated 
using a 2-1 /2 digit digital voltmeter. 

AN-714 A Personalized Heart-Rate Monitor with Digital 
Readout 

Using the micropower operational amplifier 
MCI 776 and CMOS digital integrated circuits, entirely 
self-contained portable electro-medical monitoring 
equipment can be built. This note details the con¬ 
struction of a heart-rate monitor giving a digital indi¬ 
cation, beat-by-beat. 

AN-716 A/0 Conversion Series - Part V 

Successive Approximation A/D Conversion 

Recent advances in integrated circuit design 
and technology have resulted in reduced cost of high 
performance successive approximation analogto digital 
converters. This note describes and illustrates two 
examples of how modern IC components have changed 
this well known technique. 

AN-717 Battery Powered 5-MHz Frequency Counter 

This application note describes a battery-power¬ 
ed 5-MHz frequency counter using the McMOS logic 
family for low-power operation. The basic counter 
is optimized, at a 12-volt supply for maximum per¬ 
formance with a linear input-signal conditioner. Sev¬ 
eral options are discussed which optimize the basic 
counter for minimum power dissipation. These op¬ 
tions include a CMOS input signal-conditioner and 
multiplexed LED displays. 

AN-719 A New Approach to Switching Regulators 

This article describes a 24-Volt, 3-Ampere 
switching mode supply. It operates at 20 kHz from 
a 120 Vac line with an overall efficiency of 70%. New 
techniques are used to shape the load line. The con¬ 
trol portion uses a quad comparator and an opto 
coupler and features short circuit protection. 

AN-720 Interfacing with MECL 10,000 

This article describes some of the MECL cir¬ 
cuits used to interface with signals not meeting MECL 
input or output requirements. The characteristics of 
these circuits such as; input impedance, output drive, 
gain, and bandwidth allow the system designer to use 
these parts to optimize his system. MECL interface 
circuits overcome a problem area of many system 
designs, which is the efficient coupling on non-com¬ 
patible signals. 

AN-732A A Non-Volatile Microprocessor Memory Using 

4K N-Channel MOS RAMs 

NMOS semiconductor technology has made 
inroads into hi^ density/high performance circuit 
design. The one-chip microprocessor. Random Access 
Memories, and Read Only Memories, are changing 
system implementation from random logic designs to 
software and firmware programmable microcomputing 
systems. Such systems frequently require relatively 




large amounts of memory. 

This paper describes the design of an § 192-byte 
non-volatile Randpm Access Memory system using 
the MCM66Q5 4K x 1 RAM. The system is designed 
to work with the Motorola MC6800, an 8-bit micro¬ 
processor. <' 

AN-737 Switched Mode Power Supplies - Highlighting 
A 5-V, 40-A Inverter Design 

This application note identifies the features of 
various regulator circuits that are in use today in AC 
to IX! power supplies. The note also illustrates how 
these circuits may be used as complementary building 
blocks in a system design. Primary emphasis is on 
switched mode regulators because they fill the present 
need for energy and space savings. 

A complete 5-V, 40-A line operated inverter 
supply is described in detail including design pro¬ 
cedures for the magnetic components. The inverter 
itself is a “state-of-the-art” design which features 
CMOS logic, high voltage power transistors, Schottky 
rectifiers and an opto-electronic coupler. It operates 
with a full load efficiency of 80% at a frequency of 
20 kHz. 

AN-739 A Synthetic Spectrum Tuning System for TV 

A tuning system is described which uses a 
complete spectrum of TV channel markers to achieve 
precise tuning to any channel. 

AN-741 Interface Considerations for Numeric Display 
Systems 

This application note describes several meth¬ 
ods of multiplexing multi-digit, seven-segment dis¬ 
plays. The logic devices illustrated are primarily 
CMOS with two examples describing TTL. The 
displays discussed are liquid crystal, LED, gas dis¬ 
charge, incandescent and fluorescent. How to inter¬ 
face between the logic and these displays, and 
what the interface considerations are, are described 
in detail. 

AN-744 A Phase-Locked Loop Tuning System for 

Television 

This note describes a frequency domain tun¬ 
ing system which utilizes direct digital countdown 
of the varactor tuner’s local oscillator to obtain the 
proper local oscillator frequency for the channel 
number selected. The system features direct chan¬ 
nel access with equal ease of tuning and an exact 
channel readout for all VHP and UHF channels. 

AN-746 A 372 Digit DVM Using an Integrated Cir¬ 
cuit Dual Ramp System 

This application note describes the design of 
a 3i4-digit DVM (digital voltmeter) using the 
MCI405 and the MC14435 dual ramp A/D system. 
The performance criteria is that of a lab quality 
DVM with both 3'/4-digit resolution and accuracy 
while still retaining a low cost and low parts count 
instrument. Features of the DVM include circuitry 
for a high impedance input, autopolarity and over¬ 
range indication. 


AN-748 Applications of MC1405/MC14435 In Digital 
Meters 

The MC1405/MC14435 two chip dual slope 
Analog-to-Digital system is discussed in,detail with 
emphasis on their use in digital metering applications. 
Front enjd filter/buffers are presented and auto¬ 
polarity circuits are included. Display interfaces 
for LED, LCD and gas discharge are shown in three 
different DVM designs. This application note is 
intended to provide the designer with a complete 
applications reference for the MCI405/MCI4435 
in DVM systems. 

AN-751 A Disassociated Intercarrier Television Video 
IF Amplifier 

This application note discusses a unique video 
IF system, incorporating the MCI331, low-level 
multiplier detector. Problem areas in IF design are 
discussed and the specific solutions are shown. 

AN-752 An 80-Watt Switching Regulator for CATV 
and Industrial Applications 

This application note describes a 24-Volt, 3- 
Ampere switching, regulated power supply that 
operates above 18 kHz from a 40-to 60-Volt, 60-Hz 
square wave source (CATV power line from a ferrore- 
sonant transformer) or a dc standby source with 
input output isolation. The control circuit consists 
of a dual operational amplifier and a linear integrated 
circuit timer which are used to vary the on time of a 
new high-speed power transistor. The circuit provides 
good efficiency, good regulation, low output ripple 
and incorporates input and output voltage over shut¬ 
down protection. 

AN-757 Analog-to-Digital Conversion Techniques with 
the MC6800 Microprocessor System 

This application note describes several analog- 
to-digital conversion systems implemented with the 
M6800 microprocessor and external linear and digital 
IC’s. Systems consisting of an 8- and 10-bit successive 
approximation approach, as well as dual ramp 
techniques of 3id-and 4i4-digit BCD and 12-bit binary, 
are shown with flow diagrams, source programs and 
hardware schematics. System tradeoffs of the various 
schemes and programs for binary-to-BCD and BCD- 
to-7 segment code are discussed. 

AN-760 

The operation and application of the MC3416 
4x4 balanced crosspoint switch is described in 
detail. Special emphasis is given to balanced switching 
systems like those in space division PABX. Discussion 
of the total system design using the MC3416 is also 
included. 

AN-761 

This note describes video amplifier design con¬ 
siderations for unitized gun and conventional picture 
tubes. Some unique design techniques are discussed 



taking advantage of Motorola’s MC1323 chroma de¬ 
modulator. Finally, design objectives of video amp¬ 
lifiers are discussed. 

AN-763 

The MC1323 is a monolithic integrated circuit 
demodulator specifically designed for decoding the 
NTSC color television signal, even when non-standard 
receiver display tube phosphor primaries are used. 
The unique design allows independent adjustment of 
demodulator conversion gains and demodulation axes. 


This note describes the circuit operation of the 
MCI323 and several applications including low cost 
driving of unitized gun picture tubes and obtaining 
R-G-B demodulated outputs. 

AN-765 

This note describes a technique of measurement 
of the IF contribution and ways of minimization of 
the IF noise. An IF design, following these pro¬ 
cedures, is described to meet the desired noise per¬ 
formance. 



ABSTRACTS 


EB-13 Switching Regulators 

Head 'Em Off At The Series Pass 

In EB-13, you’ll find a switching regulator 
design. From a line which can fluctuate from 100 
to 140 Vac, it’s capable of providing a regulated 
24 Vdc to a load varying from 1.5 to 3.0 amperes. 

EB-14 Simple Linear Voltage Sweep 

Uses The MCI555 Timer 

EB-14 shows how the MCI555 timer can be 
used with five simple external components to 
make a linear voltage sweep useful in ramp, deflec¬ 
tion and function generator designs. 

EB-20 Multiplier/Op Amp Circuit Detects True 

RMS 

Two op amps and two multipliers are used 
in the circuit described by EB-20 to obtain the 
true rms of an input voltage ranging from 2 to 
lOVpk. 

EB-21 OAC Key To Inexpensive 2-2/3 Digit 

Voltmeter 

EB-21 presents an idea for the core of an 
economical 2-2/3 digit voltmeter. Built around 
Motorola’s MC1408 8-bit D/A converter, the meter 
can measure to 2.55 V in 10 mV steps. 

EB-24 Input Buffer Circuits For The MC1505 
. Dual Ramp A-to-D Converter Subsystem 

Several bipolar op amp buffers of medium- 
high impedance are described in this bulletin. It 
also discusses FET input op amp buffers providing 
high impedance and temperature drift under 1 mV 
over the 0°C to 50‘^C range. 


EB-35 Autopolarity Circuits For The MC1405 
Dual-Slope A/D Converter System 

Engineering Bulletin EB-35 provides three 
input stage designs, each of which will provide the 
autopolarity function for the unipolar MCI405 
A/D converter subsystem. 

EB-36 4-1/2 Digit DVM System Using The 

MCI505 Dual-Slope Converter 

The circuits required for implementing a 
4-1/2 digit DVM based on the MCI505 dual slope 
A-to-D converter are presented in EB-36. With this 
design, a 4-1/2 digit accurate system with excellent 
environmental stability is possible. 

EB-43 A 9-1/2 Digit Gas Discharge Display System 
With Leading Zero Suppression 

The 9-1/2 digit multiplexed gas discharge 
display system described in EB-43 was designed for 
use in a 1.2 GHz frequency counter. The display 
system features leading zero blanking and constant 
current segment drives. Its logic supply is+5 V. 

EB-50 Build This Simple, Battery-Powered 
3-1/2 Digjt DVM From Standard Parts 

EB-50 describes a simple, battery-powered 
3-1/2 digit DVM capable of measuring up to 20 
volts that can be built from readily obtained stan¬ 
dard parts. Sufficient information is provided to 
construct the circuit including schematic, PC board 
layout, parts list and calibration instructions. 
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ENGINEERING BULLETIN ABSTRACTS (continued) 


EB-51 Successive Approximation BCD A/D Converter 

A successive approximation A/D converter in 
which a digital-to-analog converter in a feedback 
loop produces a BCD digital output from an analog 
input is described in EB-51. 

EB-52 Control Your Switching Regulator With The 
MC3380 Astable Multivibrator 

Engineering Bulletin EB-52 describes the 
operation and characteristics of the MC3380 
astable multivibrator and details the design of a 
200 volt switching regulator circuit for gas dis¬ 
charge displays using this device as the control 
element. 

EB-5S Battery-Powered 3-1/2 Digit Multimeter 

Using the information provided in EB-55, a 
battery-powered 3-1/2 digit multimeter can be 
built and packaged in a pocket calculator case. The 
bulletin discusses the theory of design and des¬ 
cribes the basic meter, buffer and autopolarity 
circuit, multimeter functions, choice of batteries 
and packaging in detail. Layouts for the two PC 
boards, a complete parts list and calibration pro¬ 
cedures are also given. 

EB-57 An Economical FM Transmitter Voice 

Processor from a Single 1C 

An MC3401 Quad OP-Amp is used as a 
Microphone/Modulation interface in an FM trans¬ 
mitter. 


EB-58 Analog Data Acquisition Network for Digital 
Processing Using the MC1405-MC14435 A/D 
System 

An MC1405-MC14435 combination is used 
to form a dual-slope A/D converter for analog data 
acquisition. 

EB-64 Bus Transceivers For The General Purpose 

Interface Bus (GPIB) 

This bulletin discusses the use of the MC3440, 
41,43, and 46 general purpose interface bus (GPIB) 
transceivers. Also included are an introduction to 
the GPIB, a description of the hardware required 
for a GPIB-equipped instrument, GPIB bus electri¬ 
cal characteristics, and the IEEE 488 standard for 
GPIB. 

EB-65 Switchmode Power Supply 

This bulletin describes a line-operated 5 V, 
50 A, 20 kHz switching power supply intended for 
use as a logic supply in computer and industrial 
applications. It has a constant current limiting, 
inrush surge current limiting, and a soft-start feature 
to prevent output voltage overshoots during start-up. 
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